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ADVERTISEMENT. 



The importance of n knowledge of Chemistry is now 
■niTeraally admitted, not only from the extraordinary 
"rogress of the science itself, but also from its estensiTe 
nflueace upon the corresponding progress of nearly 
:very Art, Science, and Manufacture. Numerous inHti- 
■utions have, accordingly, been estabhshed in all parts of 
liese kingdoms for the purpose of communicating ele- 
Bentary instruction in tliis most popular branch of 
icience. It can no longer be pretended that a liberal 
sducation may consist with an ignorance of those laws 
3y the operation of which the order of Nature licr- 
aelf is preserved, the ever-varying changes of Matter 
we regulated, and the innumerable processes which 
aninister to the convenience, the wants, the happiness of 
rtian, are conducted. To mention hut one instance of 
die vionders opened to our view by a knowledge of this 
Lnteresting science — who, in the present day, would 
Kvow his ignorance of the application of Steam to the 
whole science of Navigation — 'that new and mighty 
piwer,' to use the eloquent language of Canning, ' new 
at least in the application of its might, which stalks the 
^»ater like a giant rejoicing in ita course — ^ateoKiMi ^JSs.* 
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the tempest and the tide — accelerating intercourse, si 
ening distances ; creating, as it were, unexpected ne 
bourhoods, and new combinations of social and comma 
relation; and giving to the fickleness of winds, and 
faithlessness of waves, the certainty and steadines 
a highway upon the land T 

The present Treatise has been prepared for the 
pose of affording public or private instruction in 
principles of Chemistry. The most important facts 
theories of the science are stated in as condense 
form as the subject admits ; a series of recapitula 
questions is appended to each chapter for the examina 
of students, according to the plan adopted in Mr. M 
gillivbay's Manuals of Natural History; and the Au 
ventures to hope that the student may acquire from 
study of this work such general information as will en; 
him to pursue his further inquiries with advantage. 

H, Sussex Place, Regent's Park, 
; January, 1841. 
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INTHODUCTION. 

1. It was not until the middle of the last century that 
Cliemistry began to be numbered among the csact sciences, 
"my useful discoveries had, indeed, been made in earlier 
B by an indnstriouB class of men, termed Althemistf ; 
'r labours were ganeraUy devoted to the fanciful 
rch after the ' philoEopher's stone,' by which the baser 
metals were to be transmuted into the precious — and aller 
a universal remedy, or 'elixir vitse,' by which hnman Ufa 
was to be indefinitely prolonged. The true era of Chemistry 
dates from the period when the researches of Dr. Black, of 
Lavoisier, and others, established the science upon the prin- 
ciples of number, weight, and measure — contrihnted largely 
to its discoveries — and taught its important applications in 
the arts. From that period the progress of the science has 
been rapid ; in the early part of the present century, a new 
stimulus was imparted to it, by the discovery of the rela- 
tions of Eleelricity to Chemistry ; and in the present day, 
the progress of the science is more rapid than ever. A 
knowledge of Chemistiy has now become an essential branch 
of education, not only from the numerous important advan- 
tages which it U daily conferring upon society, but Irom the 
peculiar interest which it derives from being essentially 
an experimental study,. 'A clever man,' says Sir John 
Herachel, ' shut up alone and allowed unlimited time, 
might reason out for himself all the truths of mathematics, 
by proceeding from those simple notions of space and num- 
ber of which be cannot divest himself 'mll^o^A cc:&»vn^ Xn 
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2 . Crenera! Divisions of th e Subject . - - < J i > j i j i .- » i ^ 
name given to the science which iuv*;ali;/a»< • »i « •'^•■■, 
sition of bouies. the changes which re. vuli i'vAi* tj.-i 
with, or separaiiun frum. each other, ai;<l ti.< ^.a /. 
regulate ihesi changes. Tiie ]^roci.^(; iiA,ii.\'.\:./ '/ ' . 
Chemistry i- mi certain : ir i.- »uj.;y^sL-'- to v '. .•! .■ '■ . 
Arabic "worl denoiiuiT * liit su.-^t*u:*< =: '^f r-.;..^/-. .■. . 
bodie>." i::- iiri- o:' in'^;;>y I^ -.-^-'.v-i-.:!-! .. v.;V ' . 
econom" '. ; i:i:t:'.ir*.. — &'! ^J/i:.*. »-. '...-. ;u,r^ .v. 
air. "witL xnr:-. iL'^iiirtV'y^- c.d_ '-!■.-.-'• .-.-■.. 
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iKTaoDUCTioir. 

1. lKronDEBABi,E AoBifia. 

1. Heat. 

2. Light. 

3. Elcctridly. 

2. POMDBBABLE BODIES. 

1. Mineral Bodies. 
Inorganic Cliemiatry, 

2. Animal and Vegetable Bodies. 
Organic Chemistry. 

. Ponderable bodies, or those possessing weight, arf 
commonly designated by the general term JUatter. 
material subsEancca are composed of minute particles, calLiJ 
molecules or atoms, the naturo of which will be mnn 
properly described under the subject of Chemical Aetiol 
The forma of matter are numerous, and subject to iitcessut 
change, owing to the reciprocal actions and eombinatioDS <( 
these particles among tbemselyes. The genera! forms undef 
which eTery kind of matter may be classed, are three ;- 
solid, the liquid, and the gaseoui or aerifonns many 
stances, a^ water, are capable of assumbg each of i 
forms. Ponderable, or material, bodies are simple or i 
pound. Simple or Elementary bodies are those which ban 
. not hitherto been resolved into simpler elements. CoB- 
pmaul bodies are those formed by combination of the simpll 
bodies, or elements. 1. The number of material substanM 
considered to be elementary, amounts to fifty-four. 
these, very few occur in an elementary state ; they 
generally found associated with other bodies. Moat of Hn 
elementary substances exist in the solid form ; some < 
more important occur in the gaseons or aeriform state 
one or two as liquids. Some of the elementary substance 
are found in such vast quantities, as to constituli 
sidorable proportion of the bulk of our globe ; wliile othen 
occur so rarely, and in such small quantities, 
obtained only wit!) great difficulty. 1. The nature 
position of compound boiiies is ascertained by the che: 



I IXTEODCCTION. 5 

processes of analysis and Sfntheeis, By analfftit, the ele- 
ments of 3 compoimd body are separated from each otbcr, 
as when a portion of water is separated, by means of gal- 
vanism, into the two elemeatary gaseous bodies, oxygen 
and hydrogen. By nj/nt/iesis, these two gases ore again 
made to combine together, by means of the electric epark, 
and a portion of water is a^in produced. The facility with 
which bodies eater into combination varies remarkably, 
Bome of them uniting with others most readily, while others 
can scarcely be made to mtite at all. 

4. Subordinate Divisions (seeTalile,p.G). — TheEkmeii- 
tary bodies may be divided into the non-metallic, and the 
metallic. — 1. The Non-metallic bodies are twelve in num- 
lier. Some of these agree in certain properties, but differ 
Teroarkably in othei^. Theee have a tendency to combine, 
not only with each other, but with ahnost all other sub- 
stances; and their anion is usually accompanied by the 
evolution of light and heat ; hence, they are commonly 
'led suppoj-ters of combuslioii. Some of the others, in- 
of supporting the combustion of other subatances, art' 
ielves combustible. From their property of generally 
adds, when combined with the supporters of com- 
bustion, they have been termed acidifiabte bases. — 2. The 
Melallit bodies are forty-two in number. They all com- 
bine with oxygen, and the results of their combination with 
^fais element furnish a means of distinguishing them inlo 
■BDupa. Three of them, when combined with oxygen, form 
Ktmpounds which possess alkaline properties, and are there- 
fate termed metallic bases of the alkalies. The neit four 
fbrm coropouDdB which resemble earths, but are similar to 
the alkalies in their action ; these compounds are called 
alkaline earths, and the metals which yield them are called 
metallic bases of the alkaline earths. The next six yield, 
by combination with oxygen, the pure earths, and are 
therefore called metallic bases of the earths. The remain- 
ing metals, when combined with oxygen, yield neither 
alkalies nor earths. Many of them, like somo oS "ihc ■»«&- 
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metallic dements, form acids with tliU elecDeiitT 
termed acidifiable bases. Thoy maj be divided inti 
according to the effects which thoy produce m 
red heat, and to the effects produced by heat itp 
oxides, or combiQa.tionB with oxygen. Thus, atr 
at a red heat, deeorapose water. Fourteen of then 
decompose water at any temperature, nor can thrfi 
be reduced to the metallic state by the sole action 
The remaining eight admit of having their osides 
posed by 3 red heat. These divisioiiR, together i 
names of the elementary substances themselves, ) 
sented in the following table; — 

I. N0N-MBTAI.1.1C Bodies. 
1. Supporters of Combustion. 

1. Osygen I 4. Iodine 

2. Chlorine 5. Fluorine 

3. Bromine I 

2. Aeidifiabk Bases. 

6. Hydrogen I 10. Seleniiun 

7. Nitrogen 11. Phosphoms 
B. Sulphur 12. Carbon 

S. Boron 

n. Metallic Bodies. 
I. Metallic bases of the Alkalies. 



a. mtaaic bates of the Alkaline Earths. 
16. Barium I 18. Calcium 

I 19. Maemesium 



3. Metallic bases of the Earths. 

20. Aluminium I 23. Zirconiu 

21. Thorium 24. Yttrium 

22. Glacioium 
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4. Metals which decompose water at a. red heal. 

26. Manganese I 30. CBdmium 

27. Zinc 31. Cobalt 

28. Mercury 32. Nickel 

29. Tin I 

Metals which do not decompose mater at any tem- 
perature, and the oxides of which are not reduced to 
the metallic state hy the sole action of heat- 
40. Uranium 



' S3. Arsenic 

34. Chromium 

35. Vanadium 

36. MolybdenuD 

37. Tungsten 

38. Colnmbinm 

39. Antimony 



41. Cerium 

42. Bismuth 

43. Titanium 

44. Tellurium 

45. Copper 

46. Lead 



6. Metals, the oxides of which are decomposed hi 



47. Merenry 

48. Silver 

49. Gold 

50. Platinum 



54. Iridium * 



ase Elementary substances have been arranged hy Dr. 
P Thomson under three great divisions, which he denomi- 
nates—!. The Supporters of Combustion ; — 2. The Acidi- 
Jiabte Bases i^d. The Alkalifiable Bases. 

(1.) The first division consists of the substances given 
under that denomination in the preceding table. 

(2.) The second division consists of the suhstancea given 
under (lie term ' acidiflahlo bases' in the table, together 
with Silieium, Arsenic, Antimony, Tellurium, Chrominm, 
Uranium, Vanadium, Molybdenum, Tungsten, Titanium, 
and Colunihium. 

• To the Class of Metsls. an addition has lately been made by the 
discofcry of Lanlane, wliiuh makoB the fifty-fifth eleintw.wj\nA:i. 
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(3.) The third divUioa is subdivided inti: 
yix, : ihe Alkaline bases, comprisiag the substances giiS 
the tabic under the two first divisions of the Metallic B 
the Earthy bases, comprising Aluniiniuni, Gloiaffl 
Yttrinm, ZireoDium, Tliorium, and Cerium ; the dtjfb 
fusible bases, comprising Iron, Manganese, Niekd, 
Cobalt ; the easily fusible bases, comprising Zinc, \ 
tnium. Lead, Tin, Bismuth, Copper, and Mercury; 
the noble metals, compriaing Silver, Gold, Platinum, 1 
ladium, Khodium, Iridium, and Ckmium. 

5. Pbopebti£9 of MiTTEB. — The pTopertiea ofM 
are of two kinds, pbyricat and chemicsJj the former dti 
belong to the study of Natural Pliilosophy, the ] 
that of Chemistry. The Physical Properties of Matta 
either general, belonging to all bodies; or secondary^ 
longing to certain bodies only. Of tile Genertxl I 
the principal are Extension, Impenetrability, IMviuU 
Inertia, Attraction, and Indestructibility. 

(1.) E3:teHsioa is the property -whiob bodies j 
occupying space, and relates to the qualities 
breadth, and thickaeas, without which no substance 
exist. It has no reference to size or shape. The r 
extension is figure, or form, which may bo dotermiiiato 
regular, as a crystal ; or irregular, as fluid bodies, 
ment of glass, &c. 

(2.) Impenetrabiliiy is the property by which one b 
occupies a certain space, to the exclusion of every o 
body irom that space ; or, in other words, by which no 
bodies can occupy the same space at the same time, 
nail, driven into a board, does not penetrate the wood 
merely separates and displaces its particles. When 
is dissolved in water, neither' of these substances ia j 
trated by the other ; the particles of the salt are mi 
separated from each other, anil may be again obtained 
the solid form. 

(3.) Divisibility is the property by which a body may 
divided into minute parts, A grain of gold may be ha 
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nnered 30 thin as to cover fifty square inches of surTace, and 
preasDt two millioDs of visible points. WoUaston made a 
S^hl wire so thin, that an ounce uf it would citeod Glty 
xnifes. One grain of a colouring gubBtance will impart a 
Vint to five pounds of pure water : as it ia possible to render 
■^iaible so small a quantity of water as a thousandth part of 
• grain, this portion of the misture must contain a tliirty- 
4Bve millionth part of the grain of colouring matter. A 
^ngle grain of musk will scent a room for several years ; 
St8 particles must, therefore, have been floating in the air in 
•very part of the room. The vegetable kingdom furnishes 
innumerable instances, not only of the extraordinary divisi- 
^Idlity of matter, but also of its activity, in the abnost 
^neredihly rapid development of cellular structure in plants. 
, Thus, the Bovista Gigaatenm, a species of fungus, has 
."been known to acquire the size of a gourd in one night : 
, supposing the cells to be 1-200'^ of an inch in diameter, 
they must he developed at the rale of more than 86,000,000 
^in a minute. Animalcules have been discovered of such 
, smalhiesa that a million of them do not exceed a grain of 
gaud in size. They have circulating fluids ; but what idea 
can we form of the minuteness of a giobule of their blood P 

(4.) JAerlia is the property by which matter is incapable 
of putting itself in motion, or of arresting its own progress 
when put in motion by some force. A ball roiled on the 
ground soon ceases to move, owing to the impediments it 
fiieets with from the roughness of the sur&ce, &c. ; if rolled 
on ice with the same force, its motion continues much longer, 
the impedimenta being fewer ; if projected into the air, ita 
motion ia arrested by gravity, &c. ; but if it were projected 
into free space, where no impediments occur from air or fric- 
tion, it would exhibit the phenomenon of perjietual motion- 
(5.) Attraction is the property by which bodies tend to- 
wards each other. As it occurs between masses of matter, 
and operates at sensible distances, it is termed attraction of 
graoitiition. The sun attracts the earth at a distance of 
95,000,000 miles ; the earth attracts the moon at ttus ■Jia- 
tanee of 2il),mo miiea ; file moon reciptCMaW-j a\.\saa\,s, ■Co.o 
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eartk. tbe moveable psrta of «iud), or tlie 

tlie ioduence of this attraction, «xbibit the 

tides. Upon this principle, Kewton foanded his hi 

uiuversaJ gnvilatiiHi. The effect of ^raiitAtioD, 

oa the space of our own globe, is seen in the t«(ideiie}'ll 

all hodiee possess of descending in straight lines towarf 

centre of tbe earth ; tlie force which act ' 

hody from the Bnrfac« of the earth, or in prereatnig' it 

descending ta the surface, is called ils weight. As 

oceitni between the particles of a body, and opera 

setiiihle distances, it is termed attraction of cohetioni 

consists in iriaintjining the coQstitueDt parts of a bod 

union with each other, and resistiiig their separadoo. 

generatlf moit powerful in solids, weaker in liqiud^ 

appears to be entirely wanting in elastic fluids, as air. 

peculiar phenomena ofchanical attraction will be fnllj 

Bidercd under the subject of Chemical Action. 

(6.) Indeatractibilily is the property by which 
never ceases to eitist. It may change its form, and d 
jiear, but it is not annihilated. Water may be boiled 
and converted into in-visible steam, but this may be i 
condensed, and restored to its former condition. 
■nd vegetables die and arc decomposed, but their 
furnish nutriment for other animals and vegetables ; tha 
mfiiK of matters wliich have served as food and dott 
which taint tlie air, and render it pestilential, may, 
spread upon the surface of the soil, be the means of dol 
it with Turdure, and endowing it with feriility. 

(7.) 'T\\a Secondary Properties at TaaiX&c are triaupar. 
ladopacitff! hardneag and softness; soliditj/ ajxijluii 
dauiti/ and rariti/ ; elasticiti/ aaA britllenens i colour, 
Ifahilitji, hy which bodies admit of being hammered ont 
thin plates or leaves ; ductilitr/, by which they may be di 
out into wire; futibility, hy which they are capable of b 
melted by heat ; and lenacitt/, by which they are capah 
supporting considorahla weight without breaking. T 
taat properties will be more particularly noticed 
noxion with the metals. 
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if-fbram ^fClii dMsn. : dnft- -^w^ibwii 'viiL "iBssaara^ Bn 
-fa wut inKr 9iar iMt imie mwiiiv. iiL ansiieaisr ;& 
.iuMfcilMTT hwfiaL tiie: 'M i iiiiii»iiuL ic -<M'n ^jf rfw 
ngjl^es -mSL 'le vtxeniJK^ sumaL TTia viuar ctib 
-ffWrff tte SftflkOHsaOie subsamss jirrn ^«ix& ««* 
-^KA iKxr lie •fiHHiiBEeeL T!ifi :iieBLiIlc «insCBii9B» 
mmeJiit astkin. 2CB JuSvuma L siazactESL andwfi 
191900^ Oi- Sto (SSiiifamatSDaDS ^riilL 'fiK 3aiL-ansBii]Be si& 
Ml tvftli dSKb ^cfacE. Tbs: s&rx mcrcbi. wSL le <&^ 

eteploAwCBifTdfBBifilft. aid -amer ir ^Tmmr Xflfei 

.tfieSf!!^: 0^ <fMhii^ limu fnm. .simBmzsr^nr •]]: oese £ 
vmf^m^\^t» dwj -toe* whiiifl. i»sTiiCt 3k «:iiiii]mv<}f i 
»iV ^llifmlac^ him t» pnrsie :3it sstsict: ^^sl znssk }s& { 
f 00t0 sm if» . Xjtx mm aoc foggi'^ae :nas <liJ aa:§ !;**aL « 

flu^fiHtUvr^ HHSX •waBaaioA bnoniiliss sni :=i£r:L:r»L am 
iH/m iJijK*^ ^ ^ iieacary xad a. lialf i^ithzl die oi od" N« 
/fw^fn^rUs)!. ftexiM^ wioeiL cT*ry .iff^araaeEt rf i ft 
!«fikS«i«tM wi^ 1 2eai ami ^n^sTZj ▼^::ql!£i bsvie sssurcc 
4Mlf fHll f»!OfinH ^«>» fcmam ci t±e sna^icxi m. wi 
^lllim^ himwti^— ^tcaaifio^ on ti^e ku^s oc*a vide oeea 
irlKMH^ h^iMh ir^ maj lucvt eaJLsd icxntt of dfeoue mnuz] 

^r!uv«^ ;i»'>)»vntion <*acii he regarded as do dhnizratiQa 
' JM^ei^MW M di« 3Bid7 ci Xateal FkilosopliT, p. 3-: 
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CHAPTER L 

OF HEjLT. 

^ral Remarks. — Th# tenn Heat (lenoteji, generally, 
Han experienced on tonching a l)ody of a inffh«»r 
re than that of the hand. Bnt Heat appeaw to 
cLstant state of motion and of interchanfife l)etw«m 
loflies, pa5u<)ing from those which are warmer to 
;ii arc colder,' until it finally settles into a stat^ of 
m. Ff accnmnlated in any body, thi« accnmula* 
rjt be preserved; the excess will pass .ty/uy int/* 
if^s. ff, for instance, a number of .<*til»««tan^/'S of 
temperatures he introduced Into an ;if>f»ffrrt#^f, 
v^ \h .10 rictuai source of heat, thpy 'ff\\\ -".oon :i^' 
>,anu; ^emfjeratnre. H^rnce It r»as l**?*Ti •i,i,y.iM'ri 
!>. a miteriai substance of ;i v^rr^/ ^nbtil /10/f "V 
t .rreati^ '»r !e«« 'legree !n ;iU vi«li*?*r "* *"i 
rl, it 1a *«Tr*ed C/iJ/rrfr. ;*fid I4 r/,ri¥,tit^^/* '/; ^ - 
he -«waii/,a jf :.^>at. ,'^'^^^ "»«^*i*'sr4 ' v*-**' .*' ^>* 
ivoivert >» ;;;''. -tpr*-. ..',;^»'.-/ / ** ^','^>*'-<' "* 
\%r >er-r» jiw^f^iir^r^ ;,r./| »' '^ ' - r^ y *-/* / ' <'' 
•i \»i' t^^KJ'i' -.:j^ ' '■*' *«^ ',^ '*' . '•^'^ ^ ' . * tf * f 
^f'f.** u . . rf-rrii** • • , f'/f A-'-.y '-» '- *•• ■'* ' 
1 ^\ :^i*rr.>. k'tj^^ , ^^ ,.-•— ^*,^^ .♦' /. "■/ 



14 SOFBCES OF HEAT. 

I. Sources of Heat. 

II. Communication of Heat. 

I' By Conduction, 
2. By Radiation. 

III. Distribution of Heat. 

1. By Reflexion, 

2. By Absorption, 

3. By Transmission, 

IV. Effects of Heat. 

1. Upon the Senses. 

2. Upon Material Objects, 

1. Upon their Bulk. 

1. Expansion and Contraction* 

The Thermometer. 

2, Change of Density. 

2. Upon their Form. 

1. Liquefaction, > 

2. Vaporisation. \ ^^^^^ ^^' 

Evaporation, Ebullition. 

3. Upon their Luminousness. 

Incandescence. 

V. Specific Heat. 

9. Sources of Heat .-r— Heat exists in all bodies in 
ferent degrees, not only in those which to our sensation 
cold, but even in those of the lowest temperatures, 
principal Sources of Heat are the Sun, Electricity, Ch< 
Action, and Mechanical Action. Each of these may be il 
trated by the following examples: — 1. By collecting 
concentrating the rays of the Sun in burning-glasses, 
intense degree of heat is produced. In the Palais Royal i 
Paris, a cannon is fired off at twelve o*clock daily, by e 
centration of the sun*s rays in a burning-glass ; and ( 
indifferently, in summer and in winter. There are 
burning-glasses at Paris, 33 inches in diameter, by mei 
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ich wood, which is both hard unA wet, is kindled i 
ment, and cold water made to hoU in small veEsels in an 
laUy aliOTt period of time ; raetals, placed apon a plate of 
na, are melted and vitrified ; tiles, slates, and similar 
«ets, become instantly red hat, and are vitri£ed. By 
ans of a combination of burning mirrors, considerable 
M!ts may be produced at great distances ; with 40 of 
se, a board of beech wood, covered with tar, was set on 
I by Bulfon, almost instantaneously, at the distance of 
feet ; witli 128 mirrors, a board of pine wood, likewise 
'ered with tar, was set on fire at s distance of 150 feet ; 

bottles were melted, with 45 mirrors, at a distance of 
feet; and with 117 mirrors, email pieces of money were 
Ited. — 2. By meanB of Electricity metals may be ignited, 
ed, and in some cases, if required, volatilized; gasos may 
united, which resist every other means employed to effect 
lir union ; most combustible bodies may be inflamed, as 
oboJ, phosphorus, gunpowder— and this indifferently, 
ether the electric sparks be procured from ice, or from 
l-hot iron. By the Galvanic action, which is a form of 
ctricity, the most intense degree of heat hitherto known 
3 been procured. — 3. Heat is produced by Chemical 
■:tion. A &iiuliar instance occurs in the slaking of lime : 
-water be poured upon a piece of well-burnt lime, it is 
soibed, and the lime appears for a short time as dry as 
fore ; but in a few minutes the lime swells, bursts into 
iccB, and becomes hotter than boiling water, while clouds 
hot steam issue from it. The mixture of certain liqtuds 
attended with the evolution of beat, as when oil of vitriol 
mixed with water. If these two liquids be mixed in a 
be, and a smaller tube containing alcohol be placed in 
e mixture, the beat produced hy the mixture is so great 

to cause the alcohol in the inner tube to boil violently. 
omhustion is an illustratioD of chemical action, and is 
itended by heat, the degree of which varies with the 
iture of the burning body. Thus, the temperature of the 
ime of carbonie oxide is very feeble, thai nt t^Jawgav 
iCense ; a still more intense degree t>i \\eat is ^nAMBe&,Vs 
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the combustion of oxygpen and byilrogeii gases, d 
proportion in whitU they combine to form y 
combination of these two gases, under a proper ai 
constitutes the osy-hydrogen blow-pipe. The Of) 
Action of air-breathing animals affords another iUnsb 
of chemical action. Animal heat appears to result ft 
sort of slow combustion, by which the carbon, or ia 
mahle principle of the blooil, combines with the o 
the ur in the act of respiration. — i. Heat is also a nut 
Mechanical Action, as of percussion, friction, and 001^ 
sation. A piece of cold inm may be so dexteroudj^ri 
by a hammer on an anvil, as to become hot, even ni 
The effect of friction in producing heat is perecM 
rubbing of the hands for the purpose of warming thsm; 
the practice of greasing the axles of carriage-iftiecb j 
prevent their setting fire to the wood by friction, 
tribes are said to procure fire by rubbing pieces of diVi 
together. Two pieces of ice, rubbed together, giT^ 
melt, owing to the evolution of heat from them, 
been found by experiment thnt a body never ceases 
out heat by friction, however long the process is coa 
Lastly, it is possible to ignite tinder, by rapidly a 
a portion of air by means of a piston. 



10. Heat is communicated between bodies in contact 
each other, or between the contiguous parts of the : 
body, by Conduction ; and between bodies at a distance 
each other, by liadialion. 

11. Conduction of Heal. — If one extremity of a r^ 
body, as a rod of iron, be placed in a fire, Uie heat iB 
du^y communicated, or conducted, to the other a: 

12. The Conduction of Heat is chiefly aonflned to 
bodies i and as solids vary considerably In their consiBb 
their conducting powers vary propurtiooably. The b 
conducden of lieaC tlirough a body may be familiarly i 



«># cflrir widK wmr. ra a hrmm itm.. ic 
aupcviuir ii«ac t» oik end. zr the r^ii 
f -nvk '▼iii ^dl Off ia: snecesBan. Dense laa 

.rood »t n M iucH B a> -rniifr -noae 




f r^is tunxrasce axe of daiir i-^rrazienee : -seExtile 
s -rfdiA \m .mmnai :o » .leid la -ae 

JK vamakked with -riMtfot handles, raeeaia r^ 
Eii>tfini. jsd ^:vfHMi on impei^bet -ne;, _L -!*iw*W 
oe -^TOmmtv in rhe ttame t>f .x i^andie. leeomea- 
nntiaiBfv' so nmeii hcased as 'a ham. the nneerv: 
a i-t x. ziaas rtid rti efiuai loiexh :tizf he .leid In 
mtii it nieitsw rhe offaer f^iut icfzur 'Itxte .ii&rced. 
t ^TTtixuf pspcr he roiled nnnui ;i smoodl jTsis 
LaiRed over ^ ^as bmner. rhe lest :s ^tmdncted 
xnidly^ hv «^he mccaL ~har the naper i^ hdc ^vcs 
!: if rhe psner le rtiiled raimii i. ''Tmiiia* it 
>iiiiiiiasTy '^znofled m heat, it ^lecoiiies^iiseoiaiirefL 
tA reebler i^^mductixu; powpr ot the wijod: "^ut. if 
•e roiled round a piece ot :>hazeoaL and. ^xputted 
xxe .leat. it immediatel^r iinncea. Dr nanicuiar 
»»v<!r. there ii* no reianoa lietweca rhe <ieiisitT o£ 

'heir .'■oiuinctxiur power: piatzimnu ibr inauiice* 
n ifloae of rhe meciia. and. vet it la one •>£ ~he 
inctnrir amnnu' them : and ;daas la a. worse <*oit> 
n :nan\r substances «>f leas than: liaif its •ienaity. 
caisi. -ilvpr i^ -stated br rmcmiionaz to lie ''he ')e^€ 
: -hen. .?onper, i^old. rin» iron. :ind laatly iead. 
isfu and minerala. come ae:ct in «*omincdn^ power. 
•^ "-err imDerteet oondnctors, and. owins ro 'htir 
t letention of heat, ther are employed, -^iwa 
i wrappetl in (»loth. tor keepini^ the teet wanu in 
ler. Still lower in condnctinj^ power are nuigvni 
mmna bodies, as hair, ftir, wooU ^^ •• cku-cool i* 
^ worst eondnctors. ]&ipK«Mtifi« a^tlie i^uucWi^ 

are- :9eparated tkom 
mxiahea: thnay Ar 
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inferior conducting powers to tliose of the metals 
■elves. Sawdust conducts beat mure feebly than i 
Snow is an imperfect conductor of heat, and is tbenii 
great use in protecting vegetation &om frosts attd ■ 
cold ; if snow falls early in the season, and remain. 
a good crop of grain may he expected ; in the ibMI 
snow, the crop is often said to be ' winter-killed.' So: 
is the protecting power of snow, that in Siberia, wlw 
air is 70 degjees below tlie freezing point, the tempw 
of the earth is stated to be seldom colder than thitl 
freezing point itself. Sand is a vei^ imperfect 
' Tlie red-hot halls, employed liy the garrison at GUlri 
destroy the Spanish floating batteries, were carried fia 
furnaces to the bastions in wooiien barrows, with onlyi 
of sand interposed ; and this was found sufBcient to ]■ 
the balls, tliougli in a high state of incandescence, 
setting fire to the wood." — It is upon the principle 
perfect conduction that certain substances are seleell 
articles of Clothing. Tiie object of clothing 
weather, to prevent the escape, or conduction, of beat 
the body; and, in warm weather, to prevent the too 
communication, or conduction, of heat tu the body. ~ 
animals are clothed in fur, wool, down, and feathen 
man in great measure borrows his clothing from 
Flannel is a bad conductor ; hence, the Fire King g 
himself in flannel, previously to entering the hot oven; 
hence, ice may be preserved &om melting, during a» 
by being wrapped in the same material. It has be 
served that the finer the texture of woollen cloth 
more imperfectly does it conduct beat ; and that the an 
of cold climates are furnished with finer and softer wo( 
fiir than those of warmer countries. Tlie comparative 
ducting powers of various articles of clothing are exh 
in the following table by Count Rumford. A thermoi 
in the open air occupied 576 seconds in cooliug down 
but when surrounded by the follpvring substances, it 
pied the periods of time annex^} to each, the worsl 
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I^eing that in which it occupied tlie longest ti 



No. Dfseconda. 


No 


0f»«(«d> 


ilk . . 917 


Raw silk . 


. 1264 


Bt . . ,1083 


Beaver's fiir 


. ]2!>6 


wool . 10*6 


Eider down . 


1305 


BWMl . 1118 


Hare'8 fur . 


. I31S 




ty interesting phenomenon connected with the tiom- 
Hon of heat between metals, was discovered by Mr. 
1^. In many cases in which metals at different 
ttnres are brought into contact, „ . 

hily when a healed eurred bar 
tb, is made to rest upon a cold 
f of lead I, the hot metal is 
ilnto a state of vibration, aceom- 
yy the production of a musical 
iThLs effect a]ipears to depend 
riBpulMve power existing between the heated sur- 
^cb is increased in this case by the low conducting 
if the lead, the surface of which admits of being 
f heated by the brass. Professor Forbes obaer 
6 most powerful vibrations are produced between tlM 
iductora and the worst conductors of heat, the latti 
joe cold bodies, 
following table presents the different conductii 
I of several solids : — 

ver. Conducting poweltS 

J Tin . . , * 

3 Lead . . 

i Marble . . 

1 Porcelain , 

4.3 Clay . , 




MMt Mil^fc, )www*er, flw power rf e 
IMl^flMtApWtMief Sqoid maj-be boOcd oCl 
I Wfc w i«*li)iigtabe, wMelhet giim g .Huw «t*i 
MM* towfli A* istfHe H ksbccIt^ iBitiit TTa 

«ImI«hMmmm» beeama bat, and we ngbt brae 
l>y «Mefa<fe that &e Kqidd b a good coodnctor cf bi 
raylmatiM) of ibe£Mtt M tin* :— The brat bsn^ a 
Am fifinif , Om heated portiOTH expand, brcome b^ 
M««)rf rafiwfljr Ibmogfa tbe Kqoid ; 
I b ww pnrti'in* are repUoed by '^ 

AflMn, •rbiefa are incceMnTely ' 
^Mteil, »nd ptuM nfiwanl ; thm. 
m w em Bog mtA deKceoding car- 
nmUi an mUfiliibed, aa Rhowv in 
iM* Itt^tm, nntil the whole masi 
in bMrf«d, Tlie (lifftwion of the 
beat Av^rmAn, Iberefore, upon the 
nuHUm \mii\ui.tA amnng the seve- 
ral imft* lit the liquid. It \t an 
«rt t^CmJirjiimni;, and not of con- 
ductliiti fniin jisrtlnle to particle. 
Tim KotlonN jirtMliicod by beat 
In ttio «lHi»e exjHn-Imont may bo 
<!le»rly ilwwn by [ilidng some 
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=»^ «jured ami insoluble powder in the flask of water; the 
^^*l«)ured matter will continue to ascead and descend, until 
t»eeorae3 endrcly diffused throughout Ihe liquid. Similar 
fc*^5^M;t3 are produced on applying cold to the Burface of a 
"'^'■jiid : the cooled portions become heavier, descend, and 
*'^T*<3e up Ihe warmer and lighter portiona, until an equi- 
^*»-ium of temperature ia eatabliahed. — Liquids, like solids, 
to conduct, or convey, hetter in proportion as they 
re dense. Thua, spirit of wine, a very light liquid, 
I conveyor ; oil is heavier, and conveys better ; proof 
s still heavier, and cooveys proportionably tKtter; 
*^^*-ter is heavier than any of the preceding liquids, and 
^fccseeds them all in its conveying power ; and mercury, 
"^-■^a heaviest of all liquids, is comparatively a good eon- 
"^■^S^or of heat, 

14. Aerifiirm bodies, as gases and vapours, are also very 
"'*-■* JDerfect conductors of heat. Metals are painful to the 
^**Xich, when heated to 120° ; water is capable of scalding at 
*- fiO" ; but llie human body may be exposed to air at a 
^•^Tnperature of nearly 300", without having its heat in- 
"^■"^ased beyond two or three degrees. Workmen are in the 
**abit of entering ovens, in manufactories of moulds of 
"^ilaister of Paris, in which the thermometer is almost 100" 
^bove the temperature of boiUng water, and of remaining 
Sti them for several minutes at a time. In such an atmo- 
[^ Sphere, the contact of a good conductor would cause pain, 
s experienced by a gentleman who entered the oven 
irith bis silver-mounted spectacles on ; his nose was burned, 
r Joseph Banks and Sir Charles Blagden were able to 
Indure the heat of a room at the temperature of 264°, or 
1° above that of boiling water ; but they found that their 
I could not endure the beat of their wateh-chains or me- 
c buttons. — The usual mode of diffusion of heat among 
a bodies appears to be, as in liquids, by an act of 
Konoeyaace .- the heated portions ascend, carrying the heat 
^th Uiem. Hence, ia heating apartments by hot air, the 
IB ai% placed in the floors or lowest part. — \5^0"q. 'iie wiKwa 
indple mny he eiplained the phenoniena o^ Winds, V^a^ 



4^^unt of moiatQre in th© ^ 
^^n!^ ^ constructed upoa this*™^ 

Zg^^^^'' "^*^^ *^' connected 

of **Phon, as rei^esented in the 
eg^^' The baU * contains some 
etbel^y from which the air has been 
expelled in the same manner as in 
the cryophoros. A thermometer is 
placed in this arm of the siphon tnbe 
and its bulb descends into the balL 
A zone of the ball is gilded and bur- 
nished, in order that the dew de- 
posited upon it may be visible. The 
other ball a is covered with muslin, 
which is kept moist by constantly 
dropping ether upon it. The evapo- * 
ration of the ether from the ball a 
condenses the vapour from the ball 
^, the temperature of which is gra- 
dually reduced till dew is deposited 
upon the burnished part of the ball. Th 
the deposition takes place is indicated by i 
0iometer; this degree is called the de, 
temperature of the ball b is allowed to ri 
auce of the dew takes place at about the 
tnean point between its appearance and c 
strictly indicate the dew point. The then 
to the stem of the instrument is for ind 
perature of the atmosphere at the time of 
Jjeslie's hygrometer consists of the differen 
having one of the balls covered with musl 
be easily moistened ; the less moisture th( 
the more rapid is the evaporation from the 
greater the reduction of temperature. I 
Snow, Sleet, Hail, and Rain, are owing to 
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I at the distance of one foot be reckoBed as 1 , at two feet 
3 1 -4'", at three feet as I -9'", at four feet as 1 - IB'", 
— Different bodies vary in their power of radiation, 
therefore do not cool, after basing been heated, with 

■ rapidity. Leslie found that the rapidity with which 
le cool, depends more upon the condition of their sur- 
1 upon the nature of their guhstancc ; and that 
1 and porous bodies radiate very powerfully, while 
Lshed metallic surfaces radiate very feebly. He filled a 
;ht tin vessel with hot water, and having placed a. tber- 
oteter in it, found that the temperature of the water fell 
Tway to that of the apartment in 156 minutes ; but, on 
ering the vessel with a thin coating of lamp-black, the 
iperatnre fell to an equal extent in 81 minutes, or about 
E" the time It required with the bright surface. If the 
Bel be wrapped in linen, or coated with wliite or black 
Dt, the cooling is similarly accelerated. A simple ex- 
■iment may be performed with merely two thermometers, 
I one having its bulb coated with lamp-black, the other 
mg clean ; on raising them both to the same temperature 
feiposure toafiro, and allowing them to cool, the mercury 
khe blackened one falls much more rapidly than that in 
s other. In determining the radiating power of different 
riaces, Leslie used square tiu canisters, the surt'aces of 
ileh were coated with different substances, and which were 
led with hot water. 
he aurfacoB were pre- 
nted, successively, to a 
etallic mirror, having 
le bulb of a differen- 
il thermometer Cp.39) 
laced in its focus, as 
lown in the annexed 
jpire. In these experi- 
.ents, a surfaee covered 
ith lamp-black caused 
jtnse of temperature 




24 MErOBITION OF DEW. 

mnal to 100; a papered surface, 08; a glass sarftM, 
uul a metallic surface odI; 12. In heating apaitmcd 
(team or hot water, the surfaces of the tubes are btacb 
in order that the heat may he diffused more rapidlj. 

The following table ejibihits the different radiatingil 
uf various suhstancea : — i 



Rsiliating power. 

Larap-hlack .... 100 

Writing paper ... 98 

Sealing- wax . ... 95 

Crown glosB .... 90 

Ruinhago .... 75 



Radiatilt^ 
Tarnished lead . . i 
Clean lead . , . 
Polished iron . . 
Tinplate, gold, silfer,! 
copper . . . . ' 



16. The Deposition i^ Dew has been abown by Dr. 
to depend upon the cold produced by the radiation ( 
from the surface of the earth. "When the direct infio 
the Bun is witlidrswn, !be surface of the earth rad! 
portion of its heat into the surrounding space ; and ti 
air immediately in contact with it becomes cooled, a 
watery vapour, which is always present in it, is eoB 
and deposited in the form of dew. The difiereace h 
the radiating powers of different surfaces produce* 
aponding effects on the deposition of dew : one portioi 
earth's surface, or one portion of herbage, may be ( 
with dew, while another portion in the immediate 
bourhood is perfectly dry. That the deposition i 
depends on the radiation of heat is shown by the fti] 
circumstances. 1 . Dew is always most abundant 
calm and cloudless nights, and in situations freely c 
to the atmosphere. Whatever interferes with the p« 
radiation, has a decided effect on the deposition o 
Hence, the slightest covering or shelter, as that of thl 
ting, or even muslin, is suffldent to protect the ol>je( 
neath it from the cold, the effect of radiation, and 
quently, to prevent the formation of dew, — a fact well 
to gardeners, of which they avail themselves in pro 
tender plants from frost. Similar effects arc produ 



interposed at a great distance from the earth's sux- ^^^^ 



: cloude effectually prevent the radiation of heat from 
earth's surface, so that cloud; nigbtB are always warmer 
1 those which are clear, and there is, coogequeniSy, on 
1 nights, little or no deposition of dew. 2. !>. Wella 
shown that the quantity of dew which u deposited on 
irent snhstances, under similar circumstances, is pro- 
ional to the radiating power of tlieir surfaces. On ex- 
ag 3 plate of metal and a quantity of wool together, a 
e quantity of dew is condensed on the wool, while 
cely a trace of dew is fonnd on the metal ; wool, being 
better radiator, falls to a lower temperature than the 
al. — From dew there is on insensible ~ 

st, which is in fact only irozen dew, and indicative of 
iter cold. It is found, therefore, that frosty night! 
ply dewy niglita, arc calm and clear. On a calm nigl 
temperature of a grass plot is fVequenlly 10" or 15° loi 
1 that of the air at a few feet above it. Hence, 
late, vegetables are liable to be exposed at night during 
months of the year to a freezing temperature ; and even 
uly and August to a temperature only 2" or 3° warmer, 
1 hence it is that trees of lofty growth frequently escape 
ig iiyured by frost, while plants nearer the ground are 
X destroyed. 

7. Aj-notfa Stove.— Dt. Amott's Seif-reguiating Fire, 
rhermometer- Stove., is constructed upon the principle of 
ng out its heat ' partly by radiation all around it, but 
ifly by warming the air which touches it. This air then 
inds, and spreads over the ceiling, warming that, and soon 
lownward radiation Irom the ceiling, and farther motion 
mixing of the air, from the descending currents pro- 
^, because the walls absorb the heat of the air which 
!hes them, the whole room is more or less equally warmed.' 

following ligure represents a box formed of sheet -iron, 
:aining a fire-box or furnace, formed of iron, and resting 
i close ash-pit, wliieh communicates with the external air. 
t exhibits, perhaps, the simplest form of the 
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lit \|iiUii III .U..',ii.\.j. llu^*o tviiii;; the most exj-. 
iiipiii.. III. U ijL lu\tL u> iu.lV^' cliom IhuK T1: 
(i.iutls itti'iv ill lu tiu'ivLii \ , ^■^"t'iyS v>t' wine mor 

»llui iUi'lv iU ui .^Mii:.>» ol \\!:'v.*. V^tl IvinirlK- 

I III-.. I u.-, l»« llu- b •iliLi^ poJ:r. oi vvater, jiK-oliol ■- 
«'I it.'i \iiUmi^-. i.»il \.»i umiv;i;.-l»v,' 1-1-4'^, wa:. 
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3G ABBIFOBK BODIES. 

which w»9 ralculateil to require, for this purpose, 
from within equal to 27,720 pounds. Several 
pnnd, IS they pass to the solid form after fusion, 
therefore employed for easting in moulds, oiring 
power of iusinuatiug' themselves into all the minute 
■nd BO forming a perfect impression of the 
liquids, as in solids, the expansion increases ir 
grees than are proportionate totho elevation of 
If mercury, on heing heated from 82° to 122", o 
expands 14 times, ttien on heating it to 212°, or 9( 
more, it expands 15 times more. T 
from 32° to 122° is 1-7 ; from 122° tc 

26. Aerijbrm bodies espand much more by b 
liquids, the particles being in less intimate nBion, 
under the influence of cohesive attraction. The e 
of air is 8 times greater than that of water ; that 
45 times greater than that of iron. K a bladder pai 
with air be held for some time to the 
fire, it will appear full ; and on cool- 
ing, it will shrink to its original bulk. 
If the neck of a flask, containing some 
water, be inverted into a bason of 
watiT, and the flame of a lamp applied 
to the large part of the flask, or even 
the hood applied closely over this part, 
the water will be forced out by the 
eipansion of the air within ; on re- 
moving the source of heat, the water 
will return into the flask.— All aeri- 
form bodies, if perfectly Iree from 
watery vapour, expand equallff on the application 
degrees of beat; the rate of expansion is 1-480* 
their whole bulk for every degree of Fahrenhe! 
roometer. It ha« been found that 100 parts of a 
expand to 137.5 parts, when heated to 212°; thi 
temperature being raised 180", the increase in bul 
which is nearly 1-480"' part for each degTBe. 
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38 THE TIIEnMOMETEE, 

employed in France; it consists in an ajTangement of 
scato, in wtiich tlie freezing point ia marked 0, or im,i 
the boiling point 100°. In Reaumur'* thermometer, it 
is employed in the north of Germany, the freewng pobl 
marked 0, or zero, and the boiling point 60". Thaid 
are continued of the same size below and above theie pll{ 
those below being reckoned negative. A fig^e is ll 
showing the eorreapondonee of the three thermomelMi. ' 
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These different modes of graduation are easily eO 
tihle : the Centigrade scale ia easily reduced to tb 
Fahrenheit by multiplying by 9, and dividing by 6 ; ll 
Reaumvir to that of Fahrenheit by dividing by 4 ^ 
of 5 ; or that of Fahrenheit to either of the others, ^ 
versing the process. Thus: — ' 

Cent. 100° X 9 = 900 -t- 5 = 180 + 33 = 212" F9I 
Beaum. SO" x 9 = 720 -i- 4 = 180 + 32 = 212° FaJ 
Or, by reversing the order: — 

Fahr. 212° -32 = 180 « 5=900-^9 = 100° Cen: 
Fahr. 212° -32 = 180 " 4 = 720-i-9 =80° Eeaui 



THE TtlEBMOUETEn, 



p&HPtorius inTentedthe Air Thrmiomfffr, iho prinrfpl* 
■■•hich may be understood from Fi^. 1(1. Thift llntrumpnt, 
Wv^ more deliMte in its indii^nlioiis tlinn tliinu Ir wliloli 
Bpeury or alcohol ia usod, is atTectoil by Ihf iiri'dMiro of lilt 
tWKpherc, iodependently of temperature, nnil in tliprcfnr* 
|£lom used. The Differmtial Thfrmometef eoa»i»t» of 
|C» glass bulbs, coonected by a glaa« 
W bent in the form of the letter U. 
|« tube is partly filled with a co- 
txed liquid. On expogingone bulb 

lest, the expanBion of the air 
tees the liquid down, and catiset) it 

Tise in the opposite part of tiju 
tM. This iDHtriuauDt is not in- 
kJed to indicate the temper»lure 
■the atmosphere, as the spplicittion 

«!old or heat to both biilba at the 
iMe time produces no alteration in 
e level of the liquid; it merely in- '''*' "' ^~ 

Eites the difference of temperature between tho two liulb«, 
I SuCker/oriCs Register TItemiumeter, the Uigheit and 





nrest temperatures which occur within a given time are 
idicated and made to reginter themvelTc*. I'hii inatrumcDt 
(Hi^ts of two thennometeri, placiHi with thnir lub«« In ■ 
orizontal pondon, ai shown tu the flinirc. Thi! ime a 
imtajns spirit of wine, the otlicr li cnntaln* nutreur]. In 
le stem of the thermometer b a *ta>tQ Iron wire, [lUjced at 
M surface of the mercury, act* the part of an Inflei, being 
ropelled forward aa the mercury KX\m>At, and bc^Dg left at 
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their capacity for heat ; and Am q^ m a t S l k^ ff 1 

bj each body in order to raiee H to a 

called its specific heai. It luui beea fimd. lyi 

that a pound of water abeotiM tliirly foam 

pound of mercury, in being raiaed to iSbm 

in other words, the capacity of water §at keat fa i 

greater than that of mercury. Tbelblkywi^ganl 

heats of a few substances: — ^watar, 1000; 

glass, 117; iron, 110; copper^OS; silferyM; 

lead, 29.— The capacity for heat wluflli liodfai f4 

creases in greater proportion than the tanoiwntaei 

they are raised : the capacity of iron, Ibr fartanre, 

82* and 212*' is 110 ; but between 32* and SOT, I 

and, between 32' and 662% it is 126. Of all bodM 

liquid, water has the greatest capacity Ibr beat 

capacity of $team for heat is less than that of i 

weight of water, being only 847 ; hence we lean, 

specific heat of a body varies with its physical stafe 

44. The capacity of bodies for heat appears to be^| 

in inverse ratio to their specific gravities. The 

of water to mercury is as 29 to 1, its specific gn 

1 to 14. The capacity of hydrogen is 12 times gn 

that of an equal bulk of atmospheric air, though 

about 13 times heavier than the gas. Hydrogen, tl 

of all bodies, has the greatest capacity for heat ; 

metals, the heaviest of all bodies, have the leas^ 

any substance undergoes increase in bulk^ its ( 

diminished, and its capacity for heat increased. Ij 

thrown upon the bulb of a thermometer, it assume 

of vapour ; its bulk being thus increased, its ca 

k li alio in c reaae d , and it derives heat from the 

Mia. When aeriform bodies a 

ahausted receiver of an 

or as they escape from 

«ie pressure, they ezp 

to >» and their temperature 

The Wv', ^vm bodies are compre 
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stances are selected for clothing. Explain the maimer n 
which heat is conducted through Liquids. Give an iv 
stance of the condncting power of Air. — 15. What is ntewl 
h; Radiation of heat F Upon what circumstance do AH 
different radiating powers of bodies depend? — 16. TJpg^ 
what circumstances does the Deposition of Dew depend 7-4 
17. Explain the principle of Amott'a Stove. — 18. In wlMfl 
way is heat distributed? — 19. ^\'hit relation has Reflexiod 
of heat to Radiation F— 20, What relation has AbaorptioB ■ 
beat to Radiation?— 21. How is licat affected toirardsbodfi 
which neither absorb nor reflect tt ? — 22. Explun the dM4 
tive effects which heat produces upon the leases. — 2S. H 
istheiuM of bodies affected by heat ? — 24. State same Wf 
applications of expansion by beat, in the arts. Ea^ 
thepiinciple of the CompensationPendulam. — 25. 'HtywA 
water exhibit a remarkable exception to the laws of Exff 
sioQ and Contraction ? — 26. State the comparatiTe el^ 
sibility of bodies in the three states of solid, liquid, | 
aeriform.— 27. Wliat is the Therm omater ? Explain 1 
principle of Fahrenheit's thermometer ; and of the . 
ential thermometer.— 28. How may a change in dens!^ 
proved to be a result of change in temperature ? — 89. ~~ 
is the form of bodies affected by heat P— 30. WTiat is I 
Heat ? Explain the principle oifreezing mixturet. — 
some instances of Evaporation at common 
Describe the Cryophorus, — -33. What are the circamab 
which infiuence evaporation ? What is the hi/gromettrifi 
34. What is Ebullition ?— 37. How is the boiling j " ;" 
liquids affected by Atmosplieriu Pressure? — 40. Wl)it8 
kigh-presmre steam ? — 41. What is meant by IhoE 
of Gases ? — 12. What is Incandescence? — 13. 
SpeciHc Heat ? 
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CHAPTER IL 



OF UGHT. 



General Bemarks.^Ught is the agent br wlnefa 
are rendered perceptible to the sgiit. Its nature has 
been inrolTed in eonaderabk mjsterj. Aeeordmg 
ion, light has a material existence, and consigu oi 
particles of a Tery sobtfl nature, whieh emanate 
hmiinoiis bodies m right fines with ineoneetraUe re- 
' According to more recent writers, light has no 
existence, bnt its effects are prodoeed by Titnratioiis 
iulations of a sobtil ethereal medium nniravally dif- 
throngh nature; accOTding to this theory, the phe- 
la of fight are produced by pulsations c€ ether on the 
^ of the eye, as those of sound are by pulsations of air on 
P nerve of hearing. Light is of two kinds ; natural azKi 
HfidaL The Sources of Aa/vro/ Zi^ht aie the Sun and 
Nn; those of .^lr/i/Scuz/Z^J&/ are £3eetncity, Meehanieal 
9iftion, and Chemical Action. The lavs whieh premie 
Vir the phenomena of light belong to the Boenee of Opdes. 
•ey will, therefore, be pointed out here Tery brkfly. Our 
lef object must be to trace thi»r eoDoezioii with the phe- 
inena of Chemistry. It will be ob0erTed tiiat they bear 
KBarked relation to those of heat aiad eleetrkity. They 
fejr be couTeniently studied under the Ikeads < ' 

1. Radiation of Light. 

2. Reflexion ai^ Refraetitm of J^igf**^ 

3. Polarization of Light. 

4. Decomposition of Light » 

5. Phosphorescence. 



6] KADtATlON or LIGHT. 

46. Radiation of Lighl.^-IAght moves, like lieat, bj 
rvliatioD in straight lines in all directions from liiminoiu 
The Telocity of ita motion is so great tliiit ' 
occupies scarcely eight miniitea in parsing' from the ma 
to the earth ; it consequently moves at the rate of \ 
200,000 miles in a. second, and would occapy only 1-8* rf 
t second in traveraing a space equal to the circumference rf 
our globe. The intensity of light increases and dimi 
inversely as the squares of the distance hettveen the IiuA- 
nous and the illuminated body. This may be illustnited V 
a simple experiment. If a hoard a foot square a 




placed >t the distance of one foot trom a candle a, it id|j 
hide the light from a second hoard of two feet square G I 
pUced at the distance of two feel from the candle ; or, of! 
board three feet square b p, ])laced at the distance of [fan 
feut from the candle. Now, a board of two feet sqnarel 
fuur times as large as a hoard of one foot square; an^ 
board of three feet square is nine tioies as lar^ as that' 
one foot square ; thus, the light, at doable the distance 
iipread over four times the surface, and at treble the distaal 
over nine times the surface, it was spread over at the fiB 
diatancu. As tlie divergence increases, the intensity <Ik 
creaic-n. The application of this principle to the diminatiOlt 
of liKht which we should suffer on being removed furtbd' 
from the sun's influence, is obvious. J 

47, Jt^txion and Befraction of LigfU. — The prec«dla| 
romarki apply to the rays of light, aa they 
spaoc. But when a ray falls upon a polished surface, 
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BEFLEXIOK AND EEFEiCTIoy OF LIGHT. 
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I, in its natural di- 



^lasB c, in the direction a c, a portion of it may be 
xled from that surface, and boiuil off 

the opposite directioD c d ; in this 
Be, the angle formed by the incident 
y A c, is always equal to that formed 
' the reflected ray c u. When light 

reflected from a body, the body be- 
<me3 Tigible, and is seen in the direc- 
m in which the rays reach the eye. — 
at another portion of the ray, instead 

being reflected, may pass obliquely 
rough Che glass. In this case, instead 

passing through the new medium c e 
Btion of a straight line a e, it will be 
nt on entering the glass, from o to h, 
d, on making its eiit at n, it will be 
■ain bent in the contrary direction, 
d proceed onwards in a straight line, , 
rallel to its original course. This 
Ttion of the ray is said to be refracted; 

otha words, its direction has been 
oken. It may be stated as a lau), 
at, when light passes obliquely into a 
nser medium, it is refracted towards 
e perpendicular ; and, on its emergence into a rarer me- 
[im, it is refracted /ram the perpendicular. The amount 

the refraction ia, generally, proportionate to the density of 
ebody; but combustible bodies exhibit a greater refracting 
iwer than accords with their denrfties. — Some crystallized 
dies, a£ Iceland spar, present the phenomenoa of double 
fraclioa, one portion of the light being refracted in the 
dinaiy way, while another portion undergoes extraordinary 
fraction " in a plane parallel to the diagonal which joins 
e two obtuse angles of the crystal." Hence, such sub- 
tnces present a double image of any body which is viewed 
rough them. This property of double refraction occurs in 
iny minerals and artificial salts, and may " 
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r66 POLAEIZATrON OF LIGHT. I 

cated temporarily or permanently to substances in whidiitl 
does not naturally resida. — In paaaing through most tranipi- 1 
rent bodies, much liicht is lost bv absorvtion aud bv irreinilir 



rent bodies, much light is lost by absorption aud by iiregulir 
refleiioa. In falling upon metallic bodies, about one bill 
only is reflected, the other hulf being absorbed or lost. It 
appears, lh>in experiments, that in fluids, traneparent soUde, 
and metals, tlie quantity of light reflected increagea irilii 
the angle of incidence, reckoned from the ijerpendicnlMi 
whereas in vrhito opaque bodies, the quantity dec eaiea iritb 
the angle of incidence. 

48. Polariiation of Light. — When a ray of light has been , 
reflected from the suiface, or traiiBmilted through the oA- i 
glance, of any homogeneous uncrystallized body, the pro* | 
party of the reflected or transmittad light continues Ab j 
same, so long as the light falls on the first surface always If J 
the same angle ; that is, the dift'erent sides of the mys !!&>'■ 
hibit no difference of property, in relation to the plane of iHl 
incidence. Such light is called common light. But vlMll 
the body, from which the ray is reflected, or through wbUn 
it is transmitted, is turned round so that the light taHa apMI'1 
it at one particular angle, the properties of the reflected d { 
transmitted light are changed; it has acquired the pm ^ 
petty of entering transparent bodies at certain anglet^ 
and not at any others. Hence it follows, that the di& 
ferent sides of such rays have different properties in rdM 
tion to the plane of their incidence. Such light is tenned 
polarized light, in consequence of its rays having polet, ^ 
aides with different properties, like those of a magnetic btt 
Polarized light may he procured in three ways : — 1, tq| 
reflexion from the surfaces of transparent and opaqni 
bodies; — 2, by iTonsmission through a number of plates ta 
planes of uncrystaUizcd bodies; — and, 3, by transmis^W 
through bodies regularly crystallized, and possessing tbs 
property of double refraction. ' 

49. One of the properties otpiilarixed light consists in it! 
aot being reflected, like common light, when it falls upon m 
second reflector. In the following figure, s i is a ray of lig^t _ 
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ELg upon the vertical glais A, at an angle of incidence of 
it is then reflected in the direction i b upon the glass 
B at the same angle of iacidence of 56°; and from this 
Mcond glass it is reflected to b, where the eye is placed to 
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receire il. In this apparatus, in which theses* reflexion ia 
in a, horizontal plane sir, the second in a vertical plane 
1 B E, the rity b e will be »o weak aj to be scarcely vieible, 
having almost entirely passed through the {.'lass n, or be- 
come exfinguished. But if the glass b he turned round 
(the ray i r being the axis of motion), the ray R B will 
become more and more vivid, till the ^lass plate has been 
turned round 90" ; at this point the plane of reflexion ire 
will be horiiootal, like that of s i h, and at this ]>oint 
the whole of the ray b e will be reflected. On continuing 
to turn the plate, the ray will become gradually fainter, 
until, after having turned the plate 90° more, the ray be- 
comes again invisible, the plane ire being again vertical to 
the plane s i r. On a further motion of 90", the ray re- 
assumes its Tividneas, the two planes being again hori- 
zontal; and, on completing the circle, by turning the plate 
90" more, it is brought to its first position, and the ray is 
again invisible. Hence it may be stated as a law that, 
when the plane of the second reflector in perpendicular to 
the first, and the ray falls at an angle of 56°, it is not 
reflected at all, but disappears ; but that, when the plane is 
parallel, the ray is entirely reflected. The maximum po- 
larizing angle for glass is, therefore, 56°; that of wuter. 
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be ftdnutted into a dark room throngli an apoti 
window shutter a, and be made to pass thra^ a ml 
of glass, ovprigm^ p, instead of f ffwnig onwaidiai 
ral direction c, it is refiracted as it enters tiie gba 
again refracted as it passes out of it. If it be nov 
upon a white card m n, it will be found to haye bea 
posed, and instead of presenting a round spot of id 
it exhibits an oblong image, conaiating of mmi 
different colours, which will be situated in re^ 
other as named. in the figure, lliis oblong imag< 
the solar^ or prismatic spectrum. When the nj 
which have been thus separated, are coUeeted i 
Ions, white or common light is produced. The i 
of tlic 1)€ams of light composing the spectrum if 
thoir having different refractive powerSy the led 
frnctcd in the least, the violet in the greatest ^ 
tlioir original direction c. Each of the seven ed 
Kists of liglit which is no longer decomposable, Wa 
hght, hut has uniform rejfractive properties; ai 
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they were termed by Newtun, simple or hojnogeneous 
colours, to distinguish them from common or trbite light, 
"wluch he called compound or hetertigeaeous. The coloured 
bands of the spectrum ditfer in width, and are shaded into 
each other; and it has been recently determined by Sir D. 
Brewster that the primary rays of colour are three only, 
blue, yellow, and red, the others being merely compositioiiH 
of these. A portion of each of the primary rays is found at 
every point of the spectrum, together with a certain quan- 
tity of white light ; but each of the primary rays predomi- 
natcB at a particular point of the spectrum. The blue rays 
are near the top, and are the most refrangible \ the yellow are 
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somewhat below the middle, and are less refrangible ; the 
red occupy the lowest part, and are least refrangible. The 
conipouud spectrum is produced by the combination of the 
three simple spectra, the blue, the yellow, and the red, 
which are shaded as represented in the ligure. Hence, not 
one of the seven colours of Newton is pure, the orange 
being produced by predominance of the yellow and red 
rays; the green, by the yellow and blue rays; while the 
indigo and violet are essentially blue, with different propor- 
tions of red and yellow. Upon these laws depend the 
variety and change of colours : bodies appear to 
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have a partiFukr colour, according as they are eaabledul 
reflect or transmit the rajs of sotae colours, and to absoAJ 
or reflect the rest ; while white bodice reflect all, and bkift 
bodies absorb all. Dr. Starli. has lately made some iil^; 
portant observations on the influence of coloor on Ihffi 
abiorption and disengagement of odorous matters. &\ 
found that black clothes absorb much offensive odonm i 
matter, and retain it powerfully, while light -coloured clotlM ' 
not only absorb it in a trifling degree, but part with wtil ' 
they absorb rapidly on eipoaure to air. The application rf ' 
this principle is obviously very important with respect U j 
clothing, white- washing, the retention of noxious effluvia bjf 
bodies of different colours, and the consequent comnmni* 
cation of disease. 

52, The prismatic upectrutn presents different portiatnt 
al heat at different points. Most heat is found asHOciatet 
with the red rays, and least with the violet rays. KfeUMJ 
found that transparent substances are Knequally permeiliU 
by luminous and calorific rays : bodies which are ahmxt 
opaque in regard to light, were found to transmit beat fredy, " 
while others of the most perfect transparency are little per- 
meable by heat. To those media which allow a free tram- i 
mission to heat, he applied the term djaiAermanouj, opw« 
the same principle as the term diaphanous is applied to tbeaija 
which transmit light. If a prism of some highly diatbee^ 
manous substance, as rock-salt, he employed, the calorific njlfl 
are found to extend, and to have their point of greatest iwl 
tensity considerably beyond the limit of the Tisible spectnnOj 
on the side of the red ray. Hence, most of the caloiiftt 
rays are less refrangible than even the least refi'Biigible of 
the luminous rays. If a prbm of some substance wMch ll 
feebly diathermanous be employed, as water or orown-glaw^ 
the least refrangible rays are absorbed in the greatest pio> 
portion ; and a spectrum may be thus produced, in irhidl 
the beat is concentrated in the red ray. The calorific raya 
are distinct from the luminims rays, and may be separslad 
from them, owing to the inequality of their refrangible pro* ' 
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pereies. It was, in feet, discovered by Melloni that light 
may be divested of all heat by being trans mil ted aticces- 
rively through water, and a glass stained green by the oxide 
of copper. 

53. The pntmatic spectrtitn presents also what are called 
ehemieal rays, capable of producing changes independent of 
its luminous or calorific rays. Thus chlorine gas, under 
the influeQce of light, decomposes water ; and a similar 
effect is prodnced by the chlorine in recently precipitated 
chloride of silver ; in the former case, the chlorine combines 
with the hydrogen, and oxygen is set tree ; in the latter, the 
oxygen combines with the silver, and changes the colour of 
the compound from white to black. The chemical effect of 
light is remarkable in its action upon chlorine and hydrogen, 
B miKtureof whichis instantly detonated by bright Bunsbine. 
The chemical power is found at the two extremities of the 
spectrum, particularly at ttie upper end, where it extends 
even beyond the limit of the violet ray ; these chemical rays 
are, therefore, more refrangible than any others in the spec- 
trum. The character of the chemical raya is to produce 
decompositions, in which oxygen is separated from water 
and other oxides ; and hence they are sometimes termed de- 
oxidizing rays. Morichini and Mrs. Somerville have stated 
that the violet rays communicate magnetic propertiea to itrra ; 
but this Bubjeot requires further examination, 

54. The evolution oTli/f/tt by chemical action is exhibited 
in the pheDomena of Cuiubustion. These, and the Jmaiides- 
cenee (p. 58.) of solids and fluids heated to n certain tempe- 
rature, indicate a connexion between light and heat. 

55. Phosphorescence, — The evolution of light from vari- 
ous bodies, independently of chemical action, or of the ele- 
vation of temperature necessary to incandescence, is termed 
Pho$phoreecp.ace, and the bodies which eKhihit this property 
are called P/iosphori. — 1. A mixture of calcined oyster- 
ehells and flowers of sulphur, called Canton's phoaphorag, 
presents this phenomenon, when exposed to a strong heat. 
The same property is possessed by chloride of calcium, or 
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by the moreroents of the needle on its pivot. Another «t| 
these tDstrmaeDts is the electric pendulani, which con^U tf 
a pith ball, suspended by a piece of silk, or a very deliult'l 
metallic thread. On appljingfl 
an escited body to the 1 
is first attracted, as at A 
then repelled from it, 
B. If now the ball which hu j 
touched the excited body, I 
brought near ana therball w: 
has had ni 

'*' an excited body, they mil at 

tract each other, and come into contact ; after which, T 
will repel each other, as will be presently described. 

61. Theories of Electricity . — There are two theories A 
explaining the phenomena of Electricity. — 1. Accordiogl4 
the viewH of Franklin, they depend upon a single fluid, % 
effects being produced by its being accumulated, or rendoo^ 
deficient, in different bodies ; when it is accuiniilated fe 
excess in a body, its effects are produced by ii 
municated to surrounding bodies ; when it is deficient, tl . 
effects occur from the communication of it from surroundillH 
bodies to that in which it is deficient ; until, in each eai^ \ 
the eijuilibrvum is restored. — 2. It is supposed by otbcfOI 
that there are two fluids of a different nature, and that &" 
ferent bodies possess different kinds of electricity. It hm^ 
been observed that bodies which have been electrified bj^ ^ 
excited glass, repel one another, and are likewise repdMI 
by the excited glass. Similar results occur when the lwdieSi| 
have been electrified by excited sealing-wax. But it Ht^ 
found that when one hall has been electrified by glass, laU 
another by sealing-wax, these balls, instead of repelUl^l 
attract each other ; and, in brining these balls, charged hm 
an equal degree, into contact with each other, they ceaae tOM 
exhibit any signs of electricity, as if the electric egjiilibTitau 
had been immediately restored. It appears, therefore, thM 
the electriuties of glass and of sealing-wax are not identical^ 
since each attracts that which the other repels. The former ; 
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^^VtionaJ to its heating effect wlien absorbed. It consists of 
^^^* differential thenngmeter, (p. 3D.) having one of its balls 
^"■laekened. The dear ball transmits ol] the light it receiTes, 
*^d its temperatare is therefore not affected; wliereoa the 
l^^laclt balJ absorbs all it receives, and, by espansion of the 
•^uid, producEH a corresponding ascent of it in the opposite 
The whole instniment is covered with a case of thin 
, to prevent the balls being affected by currents of air, 
Q light produced by combustioti, or by common bodies 
fca state of incandescence, is employed, the indications of 
ft photometer are inaccurate. ITie calorific effect of red- 
i coke, for instance, is more powerful than that of many 
Itds of light, which are much more powerfully laminous. 



RECAPITULATIOW. 

1 45. What are the principal phenomena of light ?— 46. Iii 
'Kit way does light move, and with what velocity? At 
lat rate does its intensity increase and diminish ?~-A7. 
fhea a, ray of light falls on the surface of a body, what are 
Eourses which it may follow ? What relation does 
the angle of incidence bear to that of rejlexitia f What cir- 
fiunjstances produce refraction of a ray of light P — 48. Ex- 
plain the nciD property acquired by reflected or refracted 
light. — 49. State the /aw which regulates the polarization of 
light. — 51. How may a ray of light he decomposed? What 
is the prumatic spectrum ? What are the primary colours, 
and how are the other colours produced ? State the relative 
rafiangibility of the different colours. — 52, At what part of 
the epectrum aro the calorific rays chiefly found ? How 
are they shown to be distinct from the luminous rays? — 
S3. Where are the cAemica/rays found? State some of the 
chemical effects of these rays. — 55. What is Phosphores- 
cence P In what substances does it reside ? — 56. Explain 
the principle of Leslie's^Aotomefer. 
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rubbed with the same substance ; sealing-wax 19 renderel 
positive by metallic substances, but negative by hare's i ' ' 
All bodies ca]>able of being excited, are called eieelrics : 
principal of tiiese £»<£ amber, guDi-lac, resin, sulphur, g 
tsJc, the precious stones, ^Ik, the for of quadrupeds, 
almost all vegetable substances (excepting charcoal) wMd 
have been thoronghly deprived of moisture, as baked voof 
and perfectly dry paper. Every one is familiar with 
crackling sparks which are produced by stroking the back of 
a cat. — After a certain time, which varies in different 
stances, the attracted body is repelled from the elet 
and, OD again presenting to it the electric, it is a^ain repeDadi 
provided it has touched no other body in the meantime. It 
is also found that two bodies, which have been in contM 
with the same electric, mutually repel each other. — When it 
is required to procure a large quantity of elecfcriirity for pin- 
poses of experiment, an electrical machine is employed. 
This consists of a large electric made of glass, either in [be 
form of a cylinder, or of a flat circular plate ; and of a rubber 
or cushion of leather stulfed with horse-hair. Tho subjoined 




[ figure represents such a machine, a is the electric, mavi^i 
axis and furnished with a handle ; r the rubber Sjfid 
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67. Excitation bjf Iniluctian.^'^lectricity is exhibiwd 
bringing an unelectrified body into tlie neighbourhood of; 
electrified body ; such electricity is said to be induetd, 
excited by induction. From what has been already »aid 
the mutual attraction and repuleion of the two electricities, 
it will readily be inferred that an eicited body tends to in- 
duce in an unexcited body an electrical state opposite n 
Its own. The electricity, for instance, of a positive bodj 
repels the corresponding electricity of a neighbouring bodj 
to its further estremity, and attracts the opposite electrid^ 
to its near astremity. This phenomenon is illustrated I5.. 
the annexed figure, 
unexcited conductor, support- [^ 
ed on an insulating glass leg ^ 
b c, while c is a body coo- 
taiaing positive electricity, si- 
milarly insulated, and placed — ^iz=i^ ^.s?] 
near the conductor. The posi- 
tive electricity of c repels the corresponding eleetrtd^ 
A B to its fiirther extremity, and induces the opposite elai^! 
tricity to its near extremity. The relative position of tb#^ 
two fluids is indicated by the signs -t- and — , the fbmnr- 
denoting the positive, the latter the negative, 
On removing the body c, the equUibrinm of the body AS 
reatored, neither of the bodies having gained or lost anyl" ~ 
by the experiment. If, on the other hand, the repelled 
tricity of A B be neutralized by communication with 
ground, andifduring the induction the connexion be iirdtuff 
this body is left with an excess of negative electricity, "j 
68. The action of the Lei/den Jar depends A T 

an the principle of induced Electncily It wi.^^ 

is a contrivance by which electricity can be 

accumulated in larger quantity than m the 
3 conductor. A glass jar with a wide 

mouth is coated bothinternallyand extemaliv 

with tin-foil to withm a third of the top the 

upjier part being left naked to prevent 1 spon 
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toneous discbai^, or the passage of the electric fluid from 
one coating to the other. Hie aperture 19 closed by a disc 
of diy wood, through which is passed a metallic rod, coui- 
inuiiicatiiig with the inner coating, and terminating exter- 
nally in a brass knoh, On placing the knob in contact 
irith the prime conductor of an excited electrical machine, 
while the outer coating communicates with the ground, the 
taterior of the jar becomes positively, the exterior nega- 
firely, electrified. If the jar he insulated, and the knob 
be placed near the prime conductor, without actual contact 
with it, while an aninsulated conductor is placed at an 
tqaaX distance from the outer coating, electric spark!) of 
equal sUe and number will pass between the two intervals, 
and the interior and exterior of the jar will maintain the 
same condition as they had before ; but no charge will be 
receiTed, if, when the inner coatLng communicates with the 
prime conductor, the outer coating be strictly insulated. 
From these facts it is concluded that the interior of the jar 
becomes positive by communicating negative electricity to 
the prime conductor; and that the exterior then becomes ne< 
gattve by the loss of a quantity of positiTe electricity equal 
to that on the interior. — By connecting together a sufficient 
□umber of Leyden jars, a large quantity of the electric fluid 
may be accumulated. For this purpose, all the interior 
coatings are made to communicate with each other by me- 
tallic rods, which finally terminate in a single knob ; com- 
munication is also established between their outer coatings 
by jilacing them in a box lined with tinfoil; the whole 
series may then be charged as if they formed but one jar; 
and they may all be discharged at the same moment. Such 
an arrangement is called an Ehctrieal Battery. — When it is 
de«red to discharge a jar, or a battery, a communication 
between the two surfaces is effected by means of a dia- 
eharging rod. This instrument consists of two bent me- 
tallic rods, each of them terminating at one end in a brass 
knob, aod connected at the other end by a joint, which is 
fixed to a glass handle. The brass rods being opened to a 
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tr coating of the ^aiiii;;^—^)' 
it of the other is ^if 

he knob of the '\ 



proper distance, tlie knob of 

hroug-ht in conlact ^ 
with the 01 
jar, while that o 
applied to the knob of the 

the discharge is thus 
effected, and the equilibrium 
restored between the interior 
and exterior surfaces of the 

When it is desired to 
( the electric fluid, thus 
obtained, through any substance, this mujt be placed be- 
tween two metallic conductors, the one communicating with 
the outer, the other with the inner coating of the jar 
battery. 




Fig S4 
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G9. The effect of Electricity upon animals was firat n 
by Galva,ni. He found tliat when two metals, 
silver, the one in contact with the crural nerve 
killed frog, the other with the muscles to which the n 
is distributed, are brought into contact with each e 
muscular contraction ensned. This fact gave rise to thett 
ence called Animal Eleciricity, or Galvanism. This p 
oomenon was attributed by Volta to the distarbance of tt 
electric equilibrium by the contact of two diBsimilar meti 
The identity of the common and the 
Galvanic electricities was prored by 
the discovery of the Voltaic pile, 
and the science has from that pcrrnrl 
been termed by some writers, T" ■ 
taism, or Voltaic Electricit;/. — ' 
plate of zinc and a plate of r.'r,|i ,. j- 
be immersed to a certain depth in ,i 
vessel containing dilute sulphuric 
acid, and connected together by di- 
rect contact, as in this figure, a 
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lually given more and taatt aippan U die 
and bas at last. I af^ahimA, cata* 

tlie entire exctnsion of the thnsT of Volta. 
mental poiitioti, that ebNtricitj is exchafafe 
salt bf (he roatact of diSVrent s«bMa»eM, ■• 

ed, utd. u some tlmik with atroo; Rawa, 

ived i but admitting, for tiie aake of aigB- 
wnotf etfect, which a all thu on now be 

may thus be produced, it b allog«tiier tn- 
nm coDtnsled Kith the aatonidwiig pfaewH 
1 by a Voltaic circle.'* 

BPTECTS OF EUKTBICITY. 

ifeo/ Ejfircrj o/" Efcrtririty.— The ineefaaDieal 
ttidtjr have been alreadj described ; they ai« 
of Attraction and Eepulaioo. When ac- 
■uSdmt quantity, and retarded in its conrae 
iperaCes in the same powerful maDiter 
ting is arrested in its progress to the earth, by 
^act with a building. It is necessary, in thid 
t out the distinction between the quantity, 
'fit, of electricity which may be called iatu 
electrical machine derelopa electricity of 
'• but of sparing qaaatitg; the Galyanic 
Other band, produces a large quanlihi of 
it is of feeble iateatiti). The term intemity, 
*e» the degree of excitement eihibited by 
ly. Various instruments, called Electro- 
conlrived for measuring the intensity with 
aD(I repulsions of thU kind are exerted ; 
ibdJcAted bf l^^^aoce to wliich a sub- 
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stance of determinate size and form is repelled, wben a 
jected to the influence of an electiilied body. Oae of tb 
instruments, which is called the Quadrant 
Electrometer, acts by the divergeneo of a i 
slender rod of light wood a, terminated bj a 
pith l>all, from a stem of wood b, which is 
screwed into the prime conductor. An ivory 
quadrant or semicircle c is fixed to the upper 
part of the stem, having its centre coinciding 
with the axis of motion of the rod, and serv- 
ing as a graduated scale. The degree of in- 
tensity is indicated by the distance to which 
the ball is repelled from the stem. Another of 
these instruments, called a Gold Leaf 
Electrometer, afibrds a most delicate 
test of the nature of the electrical eieite- 
ment. It consists of a glass cylinder ce- 
mented below upon a brass plate, and co- 
vered above by another plate of the same 
material. Two pieces of gold leaf are sus- 
pended from Che upper plate, and a slip of 
tinfoil is fastened on each side of the glass 
ease to carry off the electricity when the 
gold leaves diverge so far as to come in 

contact with them. 

73. Production of Heat and Light.— Qa appljiij 
hand or any condncting snbstance to the prime cond' 
an electrical machine, a spark is produced. A stDH 
brilliant spark is observed on discharging the Lejdn 
In common electricity, there is no production of b 
the fluid moves through a perfect conductor, i 
with no obstruction, but in its passage through impd 
conducting substances, both beat and light i 
Light and Heat are evolved by Voltaic Iralteriet of W 
intensity. As the wires are brought together, a apH 
pears before actual contact has taken place, Diriii(.'< 
tntujerence of electricity through the a' 




•pears ererf tin«r "die tnmiiie: o! 'tufr ^tms i^ ivro^ti.. IV. 
iiliitkai of best xonr l#f; jMsansBiwii m: uttibsiir tiK- akw^ of «. 

ctremitM^ 'jiTiiK^ fiuutiu'Aur^ ianm. «aiCL utM^ . u 40^ jcSMfrv^. 
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^Hgied with Mm; Mv^w. a ii^'iJlvttne ^nwf:t,.<-t'>'*'*'*'^ •'^'''' 
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purple light ; zinc, a. brilliant white light inclining 
and Maged with red. The light produced by Voltaic elec- 
tricity cannot be attributed to combustion, as it occui 
gases which contain no oiygen, and even under water; 
also found that neither the gas nor the charcoal has 
dergone any chemical change. Id experiments of this fcil 
with the Voltaic battery, a small number of very luj 
plates is found to be more effectual than a lai^e number 
small platfis. 

74. Effects ofEIeclriciiy upon tkt Mnr/nel. — The add 
of £Uclro-magnetism dates from the discovery of Oerst(l 
in 1819. 1. On connecting the polss of a powerftil GaiTU 
battery by a uniting wire, and placing a freely -suspeitd 
magnetic needle, horizonlally and in a parallel directid 
bmieath the wire, he found that the needle immediili 
changed its position. The law of its motion was th 
stated ; ' That end of the needle which is situated n^ 
the negative side of the battery, or towards which tiie 
rent of positiTO electricity is flowing, immediately mv 
the westward.' 2. On placing the needle abotie th« 
the game end of the needle moves to the east. Henoa 
following /oraiuia was stated : ' The pole above wbidi 
HSffativc electricity, enters, is turned to the west ; 
which, to the east.' The extent of the declinatioD cai 
by a Voltaic circle depends upon its power, and tlio diit 
of the connecting wire from the needle; with a poi 
battery, and at a small distance, ' 

3. When the uniting wire is placed 
plane as the needle, no declinations i 
place ; but the pole of the needle 
the wire is depressed when the wi 
side of it, and elevated when the 

4. When the .uniting wire is placed at right angles to 
needle, either above or below it, the latter remains at 
unless the wire is brought close to one of its puli 
case the pole is elevated when the negative end of the irtS 
is at the west of the needle, and depressed when it is at tlrt 
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jast. 5. Lastly, the uniting wire maj be placed in a vertical 
Jireclion, the needle remainiDg horizontal: when, with its 
apper extremity negative, it is placed exactly between the 
tnagnetic polea, no effect is produced ; on moving it nearly 
midway towards either pole, the needle is attracted; on 
bringing' it close to either pole, the needle is repelled ; when 
the upper exti'emity of the wire is positive, the phenomena 
jtca reverseil. Theao effects of the uniting wire take place 
through plates of glaeji, metal, stone, wood, resin, earthen- 
mre, or water. — Iron is rendered immediately magnetic by 
MSsing eiectiicity from a Galvanic hattery through a copper 
wire wound round it. If a piece of iron, round which a 
oopper wire covered with silk thread has been coiled, be 
made to touch the poles of a horse-shoe magnet, the copper 
wire is found to be electrically excited at the moment when 
the contact is made, and is capable of producing a spark at 
the instant when its estremitieB are connected together. 
These are the leading facts of the science ; further details 
may be found in the various treatises on Electro-dynamici. 

75. Chemical Effects ofBlectricitg.—Thei electricity pro- 
dnoed by the electrical machine is generally allowed to be 
identical with that produced by the Galvanic pile ; their 
ebemical effects are, however, remarkably different, and this 
in explained by comparing the humilities of electricity pro- 
duced by each. An electrie battery of fifleen jars, each con- 
taining '234 square inches of glass coated on each side, and 
chat^d by thirty turns of a powerful plate electrical 
machine, flily inches in diameter, yields no more electricity 
than a plallna and a zinc wire, each I-IS'" of an inch in 
diameter, placed 5-8"^ of an inch deep in a diluted acid 
composed of one drop of sulphuric acid and four ounces of 
water, during three seconds. Again, the quantity of elec- 
tricity associated with the elements of bodies in their various 
chemical combinations is so great, that, while electricity 
sufficient to decompose a grain of water can be easily pro- 
cured during the chemical action of a few grains of zinc on 
a diluted acid, Dr. Faraday has inferred that no less than 
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800,000 charges of the electric bntteiyjust mentioned 
be necessary to produce the same effect, 

76. The chemical effects of the VoUde battery were 
exhibited by Mesars. Nicholson and Carlisle, in the 
positions which it produces. On immersing the wii 
a cup of water, without contact with each other, the wi 
is decomposed, its hydrogen is separated at tile negative, 
oxygen at the positive, pole. By wires of gold or platinon, 
the oxygen is obtained pure ; with those of the more oxidaUe 
metals, it combines, and is converted into an oxide. Varimt 
substances are capable of being decomposed by the same 
agent, and it has been found that the alkalies are bIw*^ 
separated at the negative, the acids at tile positive pole, tf 
extremity of the wire. Davy found that oxygen and hydn- 
gen were separately disengaged from two glasses of watc^ 
even when communicating together by vegetable or animil' 
substances. He then operated upon other compovinds, aoi 
found that sulphur and metallic substances appeared at tht 
negative pole, and oxygen and nitrogen ut the positive poh^ 
altiiough the bodies containing them were separate tnm 
each other. Under the infiuence of electricity, an element ^ 
may have its ordinary power of combination suspended, ud J 
be passed through bodies for which it has an affinity, itU1m 
out combining with them. Thus, acids were found capable IH 
bdng transferred through alkaline solutions, and alkaluJ 
through acid solutions, to their respective poles. DsTy allij 
succeeded in decomposing potash and soda, proving that tii»| 
two fixed alkalies are metallic oxides. He then aualysaA . 
the earths, and obtained the four metals, barium, stroodtniv 
calcium, and magnesium, from the earths in which they ate • 
found. It was afterwards found that all the bases i^th», 
earths, except silica, are metallic, and capable of comlumng;' 

77. It appears that different bodies have a peculiar relatioll 
to electricity, so that, when separated from their combinations < 
with other bodies, they are attracted to the positive or to tlw , 
negative pole of the battery. Hence, bodies have beea d 
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ftihed by BerMlius into Ekctro-ntgatives, or those ^^^^ 




ie which pa£s to the DegatiTe pole. These terms denote 1 




dition from ttiaC of the pole at which they ap})ear. Tho j^^^^| 




affected in this respect : — ~^^^^| 


Electro-Negatives, ^^^^^H 


Oxygen 


Tnngsten ^^H 


Sulphur 


Boron ^^^H 


ritrogen 


Carbon ^^^H 


lilorine 


Antimony ^^^^H 


idiae 


Tellurium ^^^1 


Inonne 


Golnmbium ^^^M 


Phosphorus 


Titanium ^^^H 


Selenium 


^^^1 


Arsenic 


^H 


Chromium 


Hydrogen ^^^1 


Molybdenum 


^^H 


Ekclro-Positivcs. ^^^^| 


Potassium 


^^^1 


Sodium 


Cobalt ^^^H 


lithium 


Cerium ^^^^H 


Barium 


Lead ^^^H 


Strontium 


^^^M 


Calcium 


^^H 


Magnesinm 


^^^^H 


GludDium 


Copper ^^^H 


Yttrium 


^^M 


Aluminium 


Mercury ^^^^| 


Zirconium 


^^H 


L Manganese 


^^H 


■ Zinc 


^^H 


K Cadmium- 


^^^^H 


Kjnm 


Gold ^^^H 
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When a compound, consistiDg of two bodies arranj 
the same list, is decomposed, its elaments are found 
electro- positive or electro- oe^ative in regard to esuh otbet, 
Thus oxygen is always separated from any substance in 
i list, at the positive pule ; potassium, from sdj 
substaoce in the same list, at the negative pole. Oxygen h 
, electro -negative, potassium the most electn>- 
positive, of all known bodies. 

78. The electric current formed by the contaci of Ui 
metals, increases, in one of them, the tendency to affiniQ' 
i element of the solution, and decreases pn>pac>. 
tionably that tendency io the other. Upoa this princ^ 
IS founded Davy's attempt to preserve the copper sheilk 
ing of ships. ' My results,' he observes, ' are of the moil j 
beautiful and unequivocal lund j a mass of tin r«nden a. 
surface of copper, 200 or 300 times its own siite, sufficient^' 
electrical to have no action on sea-water.' He found thll.' 
s the best raeta! for protecting the copper, aolj 



that when the surface of the former was from 1^0» M 



I -J 10"' part of the surface of the latter, the copper _™_- 
went no corrosion; with small protectors from l-QOCiSr^ 
l-iOO" of the copper surface, the losa of copper increa*ed#! 
the protectors diminished; aod when the protectors VOBt' 
only 1-1000'" of the copper surface, a certain proportion tf*] 
the copper was still preserved. A piece of zinc of thasilC' 
of a pea was fonnd sufficient to protect 40 or 50 sqncBH 
inches of copper, in whatever part of the latter sur&w 4i 
was situated. It was discovered, however, that the proMti'^ 
tion of the copper sheathing was accompanied by adhenatt-, 
of sea-weedj and shell-flsli, by chemical changes in tkR'j 
protectors, and foul depositions on the copper. It is ^tkM 
that ' the iron protectors in the Glasgow were eonvertm 
into a substance like plumbago, which could be out hgrtfi 
knife. A portion of this wrapped in paper was placed byft i 
ihipwright in his pocket for examination ; the new subr- ' 
itance at lirst became warm, but it soon grew hot, and Id ^J 
short time passed into a stale of absolute ignition by 
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1 of the air.' It therefore remaioeil to be proved to 

it extent the copper should he protected in order to secure 

e deBired effect. Tlie plan naa abandooed in 1928. 

K79. Dr. Faraday liag lately introduced some new tenoa 

jilanatory of hia views of electro -chemical decomposition. 

') considers that what arc called Urn poles of a Voltaic 

sess no attractive or repnlsive powers, but merely 

lassage to the electrical current. He therefore 

Iploys the synonymous term electrodes (from tfi.i»Tf«, and 

f, a way). The electric currents are supposed to circulate 

imd the earth in a direction from east to west ; hence, if a 

o be decomposed be similarly placed, the point or sur- 

le at which positive electricity enters, is termed the anode 

I, upwards) ; the point or surface out of whicli it 

is called the cathode (from m™, downwards). 

ftistances directly decomposable by electricity, are called 

(from 'it-inrftt, and J-iJ*, to set fr«e) ; their 

mposition is therefore termed electrolyzation. The 

lente of an electrolyzed body are called ions (from 

I going) :, that which appears at the anode, commonly 

1 the electro-negative element, is termed anion; that 

Inch appears at the cathode, or electro-positive element, 

(Aon. Thus, if waterbe electrolyzed, oxygen and hydro- 

s — the former an anion, the Utter a cation. 

1 60. Effects of Electricitif on Animals. —THectrieitj of 

rat intensity, as that of lightning, produces immediate 

When applied in small quantity, it is found usefril 

ases of a paralytic kind, and in cases of suspended 

ladon. The part of the body to which the stimulus is 

n be applied, must form part of the circuit through which 

' 9 electricity passes ; the connexion is etftKted by means 

of metallic rods, brass chains, and the common discharger. 

Some fishes have the power of giving electric shocks, the 

effeetsof which are the same as those procured by the friction 

of an electric. The Torpedo, when touched with both hands 

at the same time, one on the upper, the other on the lower 

■ HlC&ce, (^TCB a shock like that uf the Leyden Jar, the two 
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surfaces of the fish being in the same condition as the ioMfl 
outer coatings of the jar. The Gymnotus electricus, or 
electrical eel, possesses the electrical powera of the torpedo io 
a higher degree ; when small lish are placed in water villi 
this aohnal, thej are generally stunned, and 
3d, by the shock it b capable of imparting. 
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57. "VVbat are the most striking phenomena of ElectridM 
in Nature ?— 59. Which are the best Conductors of Ele« 
tricity? Which are the best Ntm-Conducton ? HowibI 
buildings beat secured from the Effects of Lightning? ^1 
what circumstances is the conducting power of most bodi» 1 
influenced? What is the Electric Circuit? — GO. What il 1 
BJi Electroscope r — 61. Explain Franklin's theory of Eko- J 
tricity. Explain the theory of two fluids. What is retiH' i 
oui, and what vitreous, Electricity? Explain the tennft , 
negative and positive, as applied to this agent. — 62. Gi« • 
an instance of Electrical Eicitement by friction. KxplaB, 
the apparatus called the Electrical Machine. What are ditt- j 
phenomena produced by its action ? — 63. Give i 
of electric excitement, as produced by change of tt 
ture. — G4. Give an instance of the same, as produced by 
change of form. — 65. How is it shown that Electridfy ii 
excited by chemical action t — 67. Wliat ia the meaning af ; 
induction.* — 68. What is the principle of the LeydenjarP', 
In what does an electrical battery consist ?— fi9. What ih-] 
Galvanism? How is a Voltaic Circle formed ?— 71. Ex-.' 
plain the Electro -chemical theory of Davy. — 72. What f|. ' 
meant by intensity oi Electricity ? Wliat is an ElsctfO- 
weter f—13. Wliat are the comparative powers of Cosumm 
Electricity and of Voltaic EUctricitii, in the production of ' 
heat and light ?— 74. What etFects are produced by E1«C- 



dty upon the Magnetic NeedUf^^lb, Wlttt M€ tiM; 
mparatiYe quanHHei of Eleetridly prodoeed bjr dw i5SE»> 
ca/ Machine and by a VoUaie BaUery 9^1 t. Uemthm 
lie of Davy*8 disooYerief, as eiBeeted bfrneam «f VU' 
e Electricity. — 77. What if the mfiirfng <if as JBUiar4f^ 
^tive, and o{ an EleetrO'negaiivef ckaieiitf'-?^. Ili»C9ll«r 
KTy*s invention for protectiDg the eopper iftirifyay <!/f 
ips. — 79. Explain the new termi iatrodoeed by Vr^ Vwi^ 
i^.-^O. What are the effeeti prodoeed by eleetrklty *m 
dmals? 



(V- 



^^ 



o 



% 



SECTION 11. 

CHEMISTEY OF INORGANIC SUBSTANCES. 



CHAPTER rV. 
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P CBXHICAL ACTION. 



81. General Remarks. — T\\e physical properties 
have been aireadybriefljtioticed(p.8). There are, bowenr^ 
other forces in nature, which belong more exclusively to tiitf 
science of Chemistry, and which, ivith reference to the nu- 1 
terials of which our globe is composed, produce effects eqoil 
in importance and interest to any other. 1. If water b( : 
mixed with water, or salt with salt, the effect is merely a 
increase of quantity ,- no change of quality is prodnctd, 
2. If ablue and ayellow powder be mixed together, » gwea ■ 
powder b produced ; but this is merely an effect impregwd 
upon the eye by the intimate mixture of the yellow and hlw . 
l^ht which is separately reflected irom the minute partioba ' 
of each ; theee particles may be separated mechanically, aiul i 
the powders restored to their former appearance. 8. H ' 
two coloured liquids, having no chemical attraction foreaob 
other, he mixed together, a liquid of a different colour la 
produced, and the two ingredients cannot, it is true, be me- 
chanically separated ; yet, even in this case, the liquid is 1 
properties are accordingly ]ilt«r- 

aediate between those of the liquids mixed. In these thies 
change of properly, nor ia anynew propeiMu 




iperly, nor la anynew propeiMu 
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, But when potash disaolved in water, is mixed 
c acid also dissolved in water, a solid substance, 
tar, is thrown down in the vessel; this substance 
I neither potash nor tartaiic arid, nor can either of these 
Bbstances be again procured from it ; the liquid also from 
t subsided, no longer presents the qualities of the 
dients which were mixed in it, but those of a new and 
Telj different substance. The polash and tartaric acid 
!, thra^fore, touted with each other, to form a chemical 
oftnd, which, when carefully collected, is exactly of the 
e weight aa the ingredients possessed before their union, 
it of entirely different qualities. The force by which this 
w substance b formed is called chemical attraction or 
-a force of the highest importance in Chemistry, in- 
18 the whole science includes little more than a 
iwledge of the laws and effects of chemical attraction and 
The duty of the chemical philosopher is to 
estigate the various compositions and decompositions of 
IS effected by these forces; to inquire into the dr- 
ies which can influence them ; and to determine, 
or suspend theu operation by the application of 
_ht, electricity, and other agents which are capable 
■ promotiog these effects. Id all cheoucal operations, to 
lue the words of Paley, ' our situation is precisely like that 
of an nnmechanical looker-on, who stands by a stocking- 
loom, a corn-mill, a carding machine, or a threshing ma- 
chine, at work, the fabric and mechanism of which, aa well 
as all that passes within, is hidden from hig sight by the 
outside case; or if seen, would be too complicated for his 
uninformed, uninstructed understanding to comprehend.' 
He sees, at one end, 3 material enter the machine ; at the 
other end, he sees the material issuing from it in a neic 
fltate — a state manifestly adapted to future use. What he 
tees b sufficient. The effect upon the material, the change 
produced in it, the utility of that change for further apph- 
cations, abundantly testify the hand and agency of a Con- 
triTer, — Natural TJieoiogg, ch. vlL 
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82. The subject of Chemical Action may be arrangi 
studied under the follovring diviNons : — 

I. PhENOHESA. of AFFINItr. 

1. Single Elective Affinity. 

Deamipotition. 
S. Doable Eleclivt Affinity. 

Doable Decomposition. 

II. Granges iNcrcED bt Chemical Actiok. 

1. Change of Properties. 

2. Change of Density. 

3. Change of Temperature. 

4. Change of Form. 

5. Change of Colour, Smell, Taste, 

Sound. 

III. CArSES WHICH UODIfT AfPINITT. 

1. Cohesion. 

2. Elasticity. 

S. Quantity tf Matter. 
4. Gravity. 
fl. The Imponderables. 
TV. IjAws op Chemical Cohbinatiok. 

8. Atimiic Theory. 

Theory of Volumes. 
Isomeric Compounds, 
V. Chemicaj, Nomenclature, 
VI. Chemical Symbols. 
VII. Cbtstallization. 

1. Isoraorpkoas Bodies. 

2. Dimorphous Bodies. 

3- Ptesiomorphous Bodies. 



I. FBENOUENA O 

63. The piyii'coi property of Attraction by GraTititiiB I 
operates between masses of matter, and at great distanewt i 
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iat of Attraction by Cohesion operates between the minute 
"a body, preserving it in an entire state. By the 
T of these agencies, a mass of marble falls to the earth 
I any liejght in the atmosphere j by the latter, each 
Jticle of marble retains its positioii in the mass. Theee 
effects are entirely indepeodent of the intiinate nature of the 
Mtbatance; they occur, in a greater or less degree, in all 
bodies possessing weight. But if a minute particle of 
marble he subjected to chemical action, it will bo found to 
consist of three substances, incapable of being separated 
from each other by mechaoical means, and presenting, when 
ieparated by chemjcsl action, properties quite distinct 
from those of marble. These three substaocea are, there- 
fore, preserved in a state of union, in the form of marble, 
by a peculiar force, isna^ Affinity , or Chemical Attraction. 
Different bodies are affected by affinity in different degrees. 
I. Water combines readily with alcohol, feebly with ether. 
Old scarcely at all with oil. 2. Sngar disaoiyes readily in 
vater, sparingly in alcohol; while camphor dissolves freely 
in alcohol, and sparingly in water. 3. A rod of gold, 
plunged into a vessel of water, and then withdrawn, retains 
but little of the liquid on its sorface, and this may be easily 
removed; but, on repeating the eiperiment with mercury, 
a coating of this metal adheres to the rod, and cannot bo 
removed ; the gold is rendered white, and, if the surface bo 
scraped, the portions thus removed contain gold and mercury 
united by chemical attraction. 4. A piece of tin may be 
made to float on melted lead; but, as the tin melts, it he- 
ftomea intimately united with the lead, and each particle of 
the compound, when solid, will be found to consist of both 
metals ; in this ease, the force of attraction counteracts that 
of gravitation. 5. The air inhaled in the act of respiration 
is different from that which is exhaled ; on breathing through 
a tube into lime water, a combination takes place between 
the carbonic acid, an ingredient of the exhaled air and the 
I wliite substance, chalk, is fijrmed in the 
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84. Single Electier Affinity. — The nmple combimlioill 
of two substutces, which hzie an ■ffinitjfbrcAch otber,un| 
binJliar occuirenee, and is readily underwood. Sut phemirfM 
combination is freqiientlj attended b; peculiar pfaenomenvH 
which are not to simple. 1. There are three substanoes !■■ 
general nse, magnesia, lime, and nitric acid, commoiilj'l 
called aqua foitis. The nitric acid has an affinity for mag-l 
nesia, and will combine with it ; it has also sn affinity fail 
lime, and nill also combine with it. On mixing these thrai.a 
iubstances tog'ether, in eqnal qnantitiea, it niight, there((iK,l 
be expected that they would all combine together. Thai 
result, however, is that oniy one of the affinities is obeyed; I 
the nitric acid combines with the time, leaving the magnet I 
tincombined and altogether unaffected. This case not onl; | 
affords a further illustration of the principle laid down b 
the preceding paragraph — that different bodies are affected ] 
by affinity in different degrees — but it ciemplifiea aprefer^ ■ 
ence, or choice, which bodies evince, in combining with one 
•ubstnnce, and rejecting others. Thb phenomenon mi 
termed by Bergmann Single Elective Affinitf/. 3, Upon 
the snme principle the formation of a compound is frequentif 
attended by the destniclion of a preTJously existing com- , 
pound, BH when some third body acts upon a compoond, ftr. 
one element of which it has a greater affinity than for tbu 
other. This may be illustrated by the above-meatioiM^ 
bodieii. If the nitric acid he already combined with the iiiag» J 
nesla. and the lime be added to the compound, the result irifl ' 
be that the magnesia will be separated from the lime, -wludl 
will take it« place, and combine vrith the acid ; the mag- 
netla, which was formerly dissolved in the acid, and invirible^^ 
will rO'appHar and bo perfectly separate. The former oodm 
pound U Ueunmposed ; and this process is termed decompott^ 
Knn. 8. If camphorbe dissolved in alcohol, and thesolnthWQ 
b> paunnl Itito water, the alcohol quits the camphor, and 
onnitilnM with the water; the camphor is thus set free, anil 
appeitn x* a Kcpariito body. 4. If sulphuric acid be added to 
oomblliattou uf ilUric acid and baryta, it separatee th* ' 
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baryta, leaving the nitric acid free. In each of the three 
laat cases, cnmbination and decomposition take piaco. The 
> order in which these decompositions occur, maybe esptesseii 
r in tables, as in the following, by Geoffroy : — 

Svlphriric Acid. 



J. Baryta 


5. Lime 


2. Stronlia 


6, Ammonia 


3. Potassa 


7. Magnesia 


4. Soda 





According to this table, Eulphuric acid has an sfSnity for 
•11 the substances placed beneath it, and will combine sepa- 
rately wilii each ; and each of the compounds, thus formed, 
may be decomposed by adding to it any of the substances 
placed above it in the table. Tlius, ammonia wiU separate 
magnesia from snlphuric acid, lime itill separate ammonia, 
and soda lime ; but magnesia will not separate ammonia, 
nor ammonia lime, nor will any of them separate baryta from 
sulphuric acid. Tim order of decompositiim does not, how- 
ever, represent the comparative /orce* of affinity : other 
causes are in operation which modify the force of affinity to 
such a. degree, that the amount of the effect produced by this 
power cannot be letermined. The table, therefore, repre- 
sents the order uf decomposition, not that of afflaity. 

85. Double Elective 4^«i'J-— Affinity is frequently the 
cause of still more complicated changes. In those above 
described, three substauces only were present, and two 
affinities in operation. But when two compounds arc mixed 
together, both of them may be decomposed, and four affini- 
ties exhibited. 1. Ijiitar caustic consists of nitric acid and 
sUver ; common salt consists of chlorine and sodium. On 
mixing a solution of tliese compounds together, the nitric aoid 
leaves the silver, and combines with the sodium, forming a 
salt which remains in solution ; on the other hand, the chlo- 
rine quits the sodium, and combines with the silver, forming 
a curdy substance, which falls to the bottom of the containing 
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Tcsscl. These changes may be repreBenled by the foUiP 
diagram : — 



\^ 



Id this case, the nitric acid and the chlorine have a 
affinity for tite isilvur and the sudium ; hut the nitric acid n 
fers combining with the sodium, to remaining in eorabuudot' 
with the silver ; and a corresponding preference is exiulntrf 
by the chlorine. The previous combinations are, therdoqu 
destroyed, and two new ones produced ^ the results are U 
fbrmation of two new compounds, viz. nitrate of sods, aw 
chloride of silver. This process is tenned double eketim 
affinity ! and it is accompanied b; a double decomposi^em 
Mr. £irwan apphed the terms quiescent and divellent to &■ 
note the tendency of the antag-onist affinities, the aetioita 
the former being to prevent a change, that of the latter V 
produce it. Where the total sum of the devellent affiniti^ 
is stronger than tliat of the quiescent, decomposition nee«£ 
sarily takes place. The effects wliich have been describe^ 
cannot be attributed to the sole influence of affinity ; 
drcumstances appear, as in the case of single elective al 
to conspire in producing the results. 2. The following K 
ample of a more complex action is illustrated by a diagr 
constructed by Dr. Reid. ' The names of substances whii 
react on each other, and numbers representing the pro 
tions, are placed on Che left, one above the other. When tt 
of these ire componnda which are decomposed, brackets n 
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, needing from them enclose the namea of their elements. Lines 
I talced from these numbers represent the quantities of each, 
. liroceeding irom the lefl; to the right. Those that proceed 
I ftom the different elements or compounds that combine 
■■togelher, terminate in a common point ; and opposite these, 
'Wards the right, are placed the names of the products and 
T quantities. The annexed figure represents the decom- 
n which takes place during the preparation of ammonia 
a by means of lime : — 



[ Before Dtn 



ijler Occomposition. 



■!oS 



'' The character of the hue expresses the different condl- 
1 which the products of any re-action are obtained. 
in they are gaseous, the lines are dotted, as in those point- 
nonia. When thuy are U([uid or retained in solu- 
, lines composed of many smaller lines are used, aa in 
> pointing to water. And when any substance is ob- 
D the solid form, a plain line is drawn. Any variety 
of form may be given to the diagram, according to the 
effect which has to be represented.' — ReifTs Text Book of 
Chemistry. 



86. Change of Propertins. — Substances which have entered 
into combination generally exhibit an entire change of pro- 
pertiet: the elementary ingredients have lost their former 
properties, and have acquired new ones: — I. Water, a, 
liquid, conBiBta of two gases, hydrogen and oxygen, neither 
of which has ever been compressed into a liquid ; hydrogen 
is one of the most inflammable bodies in nature, but water 
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cannot be inflamed ; oxygen supports combustioii iril 
brillianc;, but waUr extinguishes combustion. 2. C 
Salt, which is not only harmlees, but absolutely n« 
ibrman, consists of two fomiidable ingredients, viz- th 
sodium, and the gas chlorine ; either of which ta.L 
the atatnach is fatal to life. When presented to each 
they burst into flame, and instantly lose their dat 
properties. S. Glauber's Salt, a valuable medie 
composed of two caustic poisonous Bubstanoea, vii. 
vitriol, and barilla or soda, 4. The Atmosphere we 1 
is compoeed of the same ingredients as that most 
and destructive liquid called aqua fortis, or nitri 
5. Charcoal is a solid substance which has never bi 
duced to a state of vapour ; and the diamond, w' 
merely crystallized charcoal, is one of the hardest be 
nature. Sulphur, in its simple state, is a. solid sub 
and requires a high temperature to maintain it in a b 
vapour. But when carbon, the pure principle of ch 
and sulphur are made to combbe, the compound, : 
of being solid, is a thin liquid, and cannot be fro 
rendered solid at any temperature ; and instead of 
difficalt to vaporize, is one of the most evaporable 
liquids. 6. Copper is a soft metal ; tin is BtiU softe 
the compound is exceedingly hard. 7. Numerous esi 
of changes of properties occur in the combination d 
with alkalies. Sulphuric acid, for instance, and sodt 
sess caustic properties ; the former is intensely scil 
converts the blue colour of vegetables into red ; the 
has a pungent taste, and turns the blue colour of vegi 
into green ; on causing the two substances to combine. 
properties of each are lost, and no effect is produced 
compound on vegetable colours ; they appear to have Hi 
lixed each other's properties. 

87. Change of Density, — Chemical action is gee 
accompanied by change ofdaisity. Bodies which have 
bined, rarely occupy the same space which they filled 
separate. J . A pint of spirit and a pint of water, 
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Slher, occupy less space than two pinls. 2. Olefiant 
t consists of elements, which, when set iree, expand to 
fc limes the bnlt they occupied in the compound. 3. Cop- 
1 light metal ; tin is still lighter ; but the compound 
much heavier, hulk for bulk, than either. Glauber ob- 
is that if two balls of copper, and two of pure tin, of 
le and the same form and quantity, and of known weight, 
e melted together, and the melted mixture be poured into 
IP mould of the tlrst balls, scarcely three b[dls will be pro- 
', though the weight of the four will he preserved. In 
cases, the bulk is diminished, by combination. Some 
r, howeser, exhibit no change of density under similar 
n the formatiou of some gases, there is au 
lordinary increase of hulk. When water, for instance, 
mposed, and made to assume its elementary gaseous 
, there is an increase of hulk nearly equal to 2,000 
es. A cubic inch of water contains 662 cubic inches 
uzygen, and 1325 cubic inches of hydrogen ; Its Tolume 
Qierefore increased 198? times by the decomposition. In 
setaliic compounds, the bulk is also increased by 
uieal action. 

is. Change of TeTnperalUTe.—Wiien chemical action pro- 
la diminution of bulk, without a change of form, it is 
tompanied by a change of lemperatiire. If a pint of eul- 
": acid be mixed widi u pint of ivater, the chemical 
D is 80 powerful as to raise the thermometer above the 
Ung point; the compound rises in temperature, owing to 
liBying less capacity for heat than its ingredients poasested 
rately. But the intense heat which is sometimes evolved 
t chemical action, cannot be explained upon the jirinciple 
r a change of specific heat. Change of temperature also 
Nwars, when the combining bodies undergo a change of form, 
IS when a gaa is condensed into a liquid, or a liquid into a 
solid. If water be poured upon lime, the two substances 
combine, the water loses its liquid form, and the lime swells, 
becomes hot, bursts, and is converted into what is called 
d lime. The production of cold, duiing combination, 
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occurs only when heat is rendered insendblc by u eliaagiii 
forcn, as on the converaion of a solid into n liquid, of a liqul 
into a gae. It is upon this principle that freezing 
ore fonne<) (p. 44). 

89. Change of Form. — Chemical Action ia attf 
change of form. ] . Gases may form liquids., as i 
drogen and oxygen combine to form water. On appl^ 
a flame to a mixture of tliese gases, explosion takes plusr 
attended with the evolution of great heat, and the elutiv 
gaseous mixture is condensed into the liquid, water, i 
Solids may form liqnids, as when carbon and sulphur coxk- 
bine, as has been already noticed. A nearly liquid lOb- 
etance b formed when equal parts of alum and sugar of Inj 
are bruised together in a mortar. These substances contdt 
a quantity of nater, which is set free by the friction, nt 
occasions the partial fluidity of the mixture. 3. Liquit^ 
may form solids, as when sulphuric acid is mixed widti 
aolution of muriate of lime in water. Muriate of limi' aOr-. 
Msts of muriatic acid and lime, and ia readily soluble it' 
water; sulphuric acid has a stronger aiBoity than muiiatit 
add for lime ; it therefore combines with it, and fbnn* ai. 
compound which is nearly insoluble in water, and whidl, il 
a spongy form, occupies the whole of the vessel. Soliib a* 
formed from liquids when a new substance subsides on tdn 
ing two solutions, as those of potash and of tartaric aeii; 
the subsiding substance is insoluble in the liquid, andi IB 
eonsequenceof its being tArouin (fawn, is called aprecipilaU. 
4. Solids may form gases, as when a vast quantity of ga*B- 
ous matter is produced on igniting gunpowder, and attended 
by the phenomenon of detonation ; or a gas may be moni 
slowly disengaged by the action of a liquid upon a solid, UH 
be attended by effervescence, as when marble is placed im 
hydrochloric acid. 5. A gas and a metal may form a wrfuU 
as when chlorine and sodium combine to form commiA'' 
salt, 

90. Change of Colour, Smell, Taate, and Sound^- 
Chemical Action is frequently attended by change ofcolov- 
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o TBufonn relation, however, exists between the eolonr^^^^ 

le compound and of its ingredients. Copper is of a red- 
igh-brouni colour, and tin is lehite ,- but the compouiid, iu- 
ead of beingf of a paler reddish-brown colour, is grey. 
te brown o:dde of copper genorally gives rise to green and 
lue-coloured salts ; while the ealta of the oxide of lead, 
hich is itself yellow, are for the most part colourless. The 
hite metal zinc, and the rfd metal copper, when melteil 
Igether, form the yellow compouad brass, The vapour of 
dine is of a violet colour ; bnt it forms a red compound 
ith mercury, and apellow one with lead. Cliarcosl is the 
'aeke^t of substances; sulphur is yellow: but the com- 
mnd ia colourleas as water. — In this (Compound a. new smelt 
»d taste are acquired; there is, in fact, not one point of 
isembtance to the elements of which it is composed. When 
itric acid is made to act upon sugar, the sweetest of all sub- 
aaces, a powerfiil acid, the oxalic, is produced. — Another 
jrj remarkable change, produced by the combination of 
letals, is that of Sound. If three bells be cast from the 
ime mould, one of copper nearly pure, the second of good 
B, and the third of a. mixture of both ; the first will have 
dull heavy sound, the second scarcely any sound at all, 
hile the third vrill have a clear musical sound. Hence, 
ill-metal is a compound of tin and copper. 
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Hv Cohe^on. — Chemical Action takes place only between 
» aunate partictes of matter; it is, therefore, obviously 
pposed by Cohesion. 1. If a piece of iron and a piooe 
f Bulphur be brought together, no chemical action 
ikee place. If the iron be reduced to filings, and the 
olphur to powder, and both he mised, still no change 
ikes place. But, if this mixture bo melted by heat, com- 
inatioa takes place, and a new substance is formed. Hence, 
■a that Co/ieiiott ia the antagonist of Affinity, c 
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to iiB property of preserving bodies in a solid stat 
that the liquid state ia favourable to the exertion of i 
by permitting the closest approximation of the par) 
matter. 2. On the other hand. Affinity is the antugi 
Cohesion, A piece uf marble vill not dissolve in wa 
the cohesion among the partteles of the marble is 
and the affinity between the marble and tiie watei 
But if very strong vinegar be added, the greater afl 
this substance operates against the cohesion of the i 
which accordingly begins slowly to dissolve ; if the 
ance of cohegioa be lessened by the application a 
the force of affinity prevails still more by the dimini 
the antagonist power, and the marble dissolves with i 
The operation of affinity b favoured by mechanical d 
as well as by the application of heat ,• by the former 
the extent of surface is increased ; by the latter, 
faction is produced. 

92. The best mode of ensuring chemical action is 
duoe both subfitances to the lUjuid state l(y heat ; L 
cases it is sufficient if one of the Enhstances is in j 
state, as is proved by the facility with which water d! 
many salts and other solid' bodies. — The ybrc* o/" o 
has been supposed, in many cases, to determine the r 
chemical action, even in opposition to affinity. 1. I 
of tingle elective affinity, if three substances be mb 
gether, as two acids and an alkali, of which eaah ti 
an affinity for the alkali, that acid will he selected 
forms an insoluble compound with the alkali, and th 
will be rejected. If lime be added to a compound 
bonic acid and ammonia, it separates the acid and ca 
with it ; the reason alleged is, that the fanner con 
was soluble, the new one is insoluble. 2. In cases of 
elective affinity, if four substances be mixed together, ) 
of forming four compounds, that compound will bq 
produced, which assumes the insoluble state. Thi 
phuric acid, aoda, nitric acid, and baryta, may proda 
compounds ; of these, the compound of sulphuric ai 
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^eIb insoluble, and is immediately fanned ; this, obvi- 
[y, preveuls the fonnatioo of two of the compounds, and 
essitates the formation of the remaining one. Thua, also, 

compound of nitric acid and lime is decomposed b; the 
ipound of carbonic acid and aramonin ; the former com- 
nda were soluble, one of tiie new ones ie insoluble. — The 
nomena of crystattization depend on the predoniinanco of 
esion orer affinity. 

3. Elasticity. — When it ia considered how coliesioii 
nteracts the tendency of affinity by preserving the loliility 
wdiea, it might be supposed that the gaseous state is very 
)urBble to chemical action. It is true that an air or « 

is totally devoid of cohesive attraction; but aucli bodies 
Kss a property, of a very opposite nature indeed, but 
ch equally antagonises the tendency of afiinity, and is 
in overcome only by great difficulty. This is a repulsive 
ney, called Elasticity ; its tendency is to keep the 
deles of B body at a distance from each other, so that 
ibinatioD is prevented. Oxygen and hydrogen have 
rong mutual affinity, but they may be preserved together 

any length of time without combining. This 
ihlorine and hydrogen. But when the distance between 

particles of such bodies is overcome by mechanical foriMj 
ibinatioa sometimes takes place with facility, and 
h violence. When this cannot be effected, many gi 

iwpahle of combining readily while in their nascent atate^ 
t is, at the moment of their acquiring the gaseous form 
the decomposition of some solid or liquid of which they 
aoed an ingredient. Elasticity is also a decotiiposinp 
Utt. Gaseous bodies, of feeble mutual 
anne and nitrogen, which have been made to combine by 
,udiersble condensation, may he readily decomposeil 
^ elevation of temperature, or the contact of a Bubstance 
Lch has an aifinity for either of them, causes an immediate 
ilosion. For the same reason, all compounds which 
1 a volntiU and ajixed principle, are liable to be decom' 
ltd by a high temperature. Some of the decompositioM. 
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fanoert; ascribed to the sole influence of elective 
may be attributed to elasticitf . If three aobstl 
mixed together, capable of producing two compotu 
of which 13 more volatile than the other, the more 
compound will generally be formed and drivea of 
agency of heat. Some cases of double decompowt 
be similarly explained. From what has been sitid 
and in the preceding paragraph, it appears that the i 
of Heal Yaries in respect to chemical action ; that 
times increases, at other times diminishei, the 
affinity. It£ modes of action are, however, conaisl 
each other ; — 1 . it favours affinity by diminishing c 
2. it prevents composition, by keeping the particles 
at a distance from each other ; or, by producing ei 
it tends to separate from each other substances 
combined. 

94. QuantJIy of Matter.— The force of affinity 
influenced by what is called Quantity of Matter. 1, 
position is mare easily effected, in proportion to tl 
quantity of any ingredient combined. Thus, oayj 
bines with lead in three different quantities; the o 
which containa the largest quantity of oiygen is ( 
composed by the action of beat ; a higher tempe 
required to decompose the second compound ; 
strongest heat of a furnace will not decompose the 
may therefore lie stated, that the larger the quanti 
ingredient combined with another, the more easily 
tion of it separated. 2. In forming solulioni, it 
that equal quantities of the substance to be dissolvati 
successively more difficult of solution, until the ai 
tween the solvent and the solvend is entirely satis 
solution b then said to he saturated, and no moi 
dissolved, unless the temperature be raised. It m 
fore be stated that the less the quantity of a substa 
blued with another, the more readily does an i 
quantity enter into combinatiou. 3. The larger the 
t^ a substance employed in chemical operation,- f 
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eedily will the action be effected. Thus, in separating^ an 
1 from a compound b; means of an alkali, a lar^r 
mtity of this alkali is employed than is necessary to satu- 
e the acid ; by this means every particle of the nulistancc 
f he decomposed is subjected to the action of the alkali, 
y different prodncis are, however, sometimes obtained, 
lording to the quantity of the substance used. 
tes. Gravity. — The influence of Gravity resembles that of 
ses, in preventing that intimate mixture 
Irtiich favonre chemical action. Hence, when two bodies 
differ in specific gravity, their combination is opposed. Oil 
floats on water, and refuses to combine with it, being spe- 
tifically ligliter. Salt sinks in water, being heavier; and it 
is only by agitating tbe solution, that the salt can be equally 
diffuseil throughout it. In melting together metals of dif- 
ferent specific gravities, it is necessary to stir the muttnre, 
to prevent the heavier meta! from subsiding to the bolloni. 
96. Specific Oravily. — The apedfic gravity of a body is 
ita density, compared with the density of another body which 
is assumed as the standard. This standard is pure water, at 
the common temperature. 1. In order to determine the 
specific gravity of a solid, it is necessary, first, to weigh it 
in common scales in the air, and then to weigh it i: 
by the apparatus represented in the 
figure. A body, so immersed, loses of 
its weight a quantity precisely equal to 
the weight of its own bulk of water ; 
and hence, by comparing this weight 
with the total weight of the solid, its 
specific gravityis ascertained. The rule, 
therefore, is to divide the total weight 
in air by the loss of weight in water; 
the quotient gives the specific gravity. 
If, for instance, a piece of lead weighs, fig. 37. 

, twenty-two grains, and only twenty in water, 
the loss is two grains, and this is exactly equal to the weight 
I quantity of water equal to the lead in size. As 2, 
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therefore, the loss of weight ia watar, is to 22, the loul 
weight in air, bo is 1 , the standard of unity, to 1 1 , the spe- 
cific! gravity of lead. 2. The specific gravity of a liqvidboi] 
is more easily aiicertained, by filling a small battle of knowi 
weight with it, and with water, Buccesuvely, and wi'tghiif 
them. 3. The specific weight of a ^tuaotic bodybai 
bj comparing it with atmospheric air. Tho first 
find the weight of a given volume of air. For this purpcw 
a flask provided with a stop-cock, is weighed when full d 
air ; the air ia then withdrawn by means of the air-pump, 
and the flask it again weighed ; the difference between ibt 
two weights is that of the volume of air. 
the weight of any gas may be found, and its specific gmi^ 
frith reference to atmospheric air, be determined. 

97. The Imponderables. — The influence of the Impondtfi 
ablea upon chemical action has been sufficiently explained ia 
the chapters on Heat, Light, and Electricity. The lasld 
these agents is frequently employed to effect the coraU- 
nation, and sometimes the decompoaitioa, of gaseous " 
It appears to act by the heat which is evolved. 
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98. General Remarks. — Affinity being a property p»< 
bably possessed by all bodies, it is important to ascertul 
whether there is any limit to its operation, whether comli; 
nation satiefies or weakens its tendency, whether there MR 
any fixed laws by which chemical combination is regulate^ 
1. Somebodies are found to unite in ojiy proportion in wM^ 
they may be mixed together, as water and alcohol. Odi«^ 
unite in every proportion up to a certain limit ; thus, ihU| 
will dissolve salt in any quantity, up to the saturating paia( 
but has no effect upon any additional quantity. A hundnj 
grains of water will dissolve any quantity of sea-salt wWc( 
does not exceed forty grains ; after this, the cohesion of dl 
salt prevails against its affinity for tlie water. In all thai 
, the affinities are feeble, and the properties of f 
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mpounds partake more or less of those of their elements. 
But there are bodies which comtiioe onlj in one, or in a 
w fixed proportioDS; and their compounds lose, more or 
itirely, the properties which characterised their ele- 
These are the compounds 'nhich exhibit the cha- 
Cterislic effects of chemical action. Their combination is 
plated by the following laiBs .- — 

99. Law 1. — 77ie composid'on of ail bodie$, tekether 
rmed by nature or by art, isjtxed and invariable; their 
rmenls are found to exist always in the same relative 
antilies. 1. A piece of marble always contains the same 
latJTB qualities of carbonic acid and lime, from whatever 
rt of the world it be procured. 2, If a portion of lime be 
posed for a long time to the atmosphere, it absorbs from 
a quantity of carbonic acid ; if the weight of the lime be 
presented by 100, the weight of the carbonic acid absorbed 

Ql be 78J ; if exposed to the atmosphere for an unlimited 
niod, not another particle of the acid will be absorbed. 
hese are, therefore, the fixed proportions in which these 
ements exist in marble, and in limestone ; and these ele- 
ents are found aasociated in the same proportions in variona 
Jier minerals. 3. Water consists of one port of hydrogen 
wl eight parts of oiygen, by weight; and so invariable is this 
lie, that water cannot be formed by any other proportions 
■ these elements. 4. Salt, whether obtained from mines, 
ikes, or the ocean, always consists of thirty-six parts of 
3lorine gas, and twenty-four parts of tho metal sodium. 
. Sulphuric acid is always composed of sixteen parts of 
ilphur and twenty-four parts of oxygen ; if these elements 
■ere made to combine in other relative proportions, some 
ther compound might be formed, but not sulphuric acid. 
This law is of the utmost importance, and constitutes the 
ery basis of Chemistry. 

100. Lara 2, — The relative quantities in which bodies eom- 
me, may be expressed by proportional numbers. Thus, 

parts of oxygen combine with 1 part of hydrogen, wilh 
fl parts of sulphur, with 3di of chlorine, with 30-6 of se- 



US LAWS or CHEMICAX COMBINATION. 

leuium, or with 108 of ^ver, IVlisii ajij of tbeK ba 
combine witli each other, the; combine either in 
quantities as above stated, or in some multiple of i 
ijuautities, as will be noticed in the fallowing law. ~ 
16 parts of sulphur combine with I of hydrogen, with ; 
□f chlorine, with 30*0 of selenium, or with 106 of ul 
And 80 of the other bodies.— Upon the principle of this 1 
Wollaaton applied the term £i/uiiialent to the combii 
proportions of elementarj', and of compound, substa 
required to neutralize each other; the combining propol 
of one body being considered as equivalent to that of ai 
body, and capable of being substituted for it in combin 
Thus, 8 ia the equivalent of OKygen, 16 of sulphur, ■ 
these proportions they combine ; but if it is desired to ] 
duce combination between oxygen and silver, the n 
will be 8 and 108 ; and the number 108, which repreg 
silver, is considered to be equivalent to the number 
which represents sulphur ; for either of them combine i 
the same proportional number, or equivalent of uxygei 
This law applies not only to elementarj/, but also to a 
pound, substances. Water consists of oxygen 8, andhyl 
gen 1 ; the equivalent of water is therefore 9. Potash ( 
sista of potassium 39, and oxygen 6 ; the equivalfflil 
potash is therefore 47. U' it be desired to prodnc 
bination between these compounds, the combining eqd 
lenls will be 47 + 9, and the equivalent of the new a 
pound 56. 

101. LatcS. — When a body combines with another \ 
in more than one definite proportion, the quantity of m 
them in the different compounds is found to bear a t 
simple ratio to that of the other. 1 . A body may o 
with from one to six equivalents of another; in such 
the combining proportion of the second body is alvrays n 
multiple of the first equivalent. Thus, 8 of oxygen a 
bines with 16, or with 32, of sulphur, but with no 
mediate quantity ; with 108, or with 216, ofsOver; 
with all other substances. 2. A body may combine 1 
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islf an eqtUTalent of another body, with one equivalent, 
fith one and a half, with two equivalents, with two and a 
lalf, &e. Thus phosphorus combines with half an equira- 
eot of oxygen, or t, to form one compound ; with an equiva- 
-ent and a half, or 12, to form a second compound j with 
;wo and a half, or 20, to form e third. 

102. Chemical Equivalents. — Chemical equivalents merely 
represent the relatiye quantities of substances which combine 
together, as referred to some standard of comparison. 
Hydrogen is generally assumed in this country as the stan- 
iiird, the number assigned to it being 1, or unili/. Dr. 
Tbomson makes oxy^n ) , so that hydrogen is eight times 
less than unity, or '125. Wollaston made oxygen 10, so 
that hydrogen would be 1'25. It is of little importance 
vrhich plan is adopted, provided the relation be strictly ob- 
served. The hydrogen may be converted into the oxygen 
scale, by dividing the former by 8 j the oxygen into the 
hydrogen, by multiplying the farmer by the same number. 
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\03. Atomic Theor}/. — It i» possible to concern Uiat 
of sand may be divided into a million parts, and each 
into a million more, and so on ad infinitum. It taay 
ever, be true that a grain of aand canbot be divid 
more than a certain number of parts, each of which, i 
invisible under our microscopes, possesses sucb ci 
power as to resist further division. Whether mat 
infinitely divisible, or consist of ultimate particles 
Atoms, is still a disputed point. The latter opini^ 
assumed by Dalton, as the most satisfactory method 
plaining the foregoing laws of chemical comlunati 
forms the basis of what is called the Atomic Theorjf[ 
cording to this theory 

(1.) All bodies consist oT ultimate alonu, which 
same size and shape in the fiame body, but which 
weight, in different bodies. The weight of an atom i 
gen is eight times as great as that of an atom of hyd 
and half as great as an atom of sulphur. 

{2.) Chemical combination takes place between the 
of bodies. One atom of one body may combine with | 
more atoms of another body ; thus, one atom of hyi 
combines vrith one atom of ogygen to form water 
atoms of oxygen combine with one atom of sulphur ti 
sulphurous acid ; while three atoms of oxygen comUn 
one atom of sulphur to form sulphuric acid, Nitrogi 
oiygen combine in the several proportions of from one 
atoms of the latter, to one atom of the former, gas. 

(3.) From these cases it appears that the law of m 
proportion, already described (p. ) 18J, is a necessaiy 
quence of the atomic theory. The term atom is, accor( 
frequently used in the same sense as the term tqun 
water may be described as consisting of one atom of I 
gen, and one atom of oxygen, as well as of one equivs 
each of these elements. The numbers expressing til 
portions in which bodies combine, will also expre 
relative weights of atoms; these numbers, are, the 
often termed atomic vieights. ^^ 
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104. Theory of Volumes. — The proportions in wliieh goa- 

ieoiis bodies combine can be detbrmineil by measure, ss 
readily as by tccigkt. All gaseous bodies combine by mea- 
sure, or volume, in very simple and definite proportions. In 
other words, any volume or bulk of a gas always combines 
iritb an equal volume or bulk of another gas ; or with a 
volume, bearing some simple relation to its own volume, as 
lulf of a volume, two volumes, &c., am! not with any inter- 
Tening fractional part of a volume. "Water is always com- 
poaed uf one volume of oxygen, combined with ttpo volames 
rf hydrogen. In this country, Ihe two volumes of iiydrogen 
■re usually considered as one atom, or unity. Ammonia 
consists of one volume of nitrogen and three volumes of hy- 
drogen gaR. — 1. When two gaseous bodies combine, and 
Ibrni a gaseous compound, this sometimes retains the original 
volume of its constituents, their combination being attended 
by no contraction or change of volume. Thus, one volume 
of nitrogen and one of oxygen form two volumes of deutoxide 
of nitrogen ; one volume of chlorine and one of hydrogen 
form two volumes of hydrochloric acid gas. — 2. In most cases, 
hov^ever, combination is attended by contraction, and then 
the volume of the compound gas bears a simple ratio to the 
volumes of its constituents. Thus, two volumes of hydrogen 
and one of oxygen form tico volumes of steam ; one volume 
of nitrogen and three of hydrogen form two volumes of un- 
moniacal gas ; one volume of hydrogen and one-sixth of a 
volume of sulphur- vapour form one volume of snlphureted 
hydrogen gas. In all such cases, the gases compared are 
supposed to be In the same circumstances as to pressure and 
temperature. 

105. A volumeof a gas is usually represented by the figure 
of a square. The foOowing are examples of this mode of ex- 
presfiing the combining measures of gases, and the products 
formed by their combination. In the Urst example, three 
volumes are condensed, by combination, into two; in the 
second. Jour volumes are condensed into tieo ; in the third, 
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there is no condensation at all. The dotted lines rt 
imaginary divisions of tii« gases into volumes. 
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106. Modeofaecertainin^) the Atomic Weights of BodiM 
In bodies capable of assuming the gaseous foim, the a\ 
loeight can be easily obtained from the ooiuvie. WateTi 
instance, consists of one volume of oxygen and two volui 
or one atom, of hydrogen ; tbe relative weights ; 
fore, oxygen 8, hydrogen I, and water 9. — In bodies 
capable of assuming the gaseous form in their simple : 
tbe atomic weight is deduced from that of the ei 
the weight of carbon, for instance, is deduced from tb) 
carbonic acid gas, the compound which it forms with i 
gen i one volume of this gas weighs 22 times as much a 
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Jindard two Talumes, or ooe atom, of hydrogen ; of these 
1 parts, IS are oxygen ; the stotnic weight of the carbon 
, therefore, 6. — In bodies wtiich are incapahle of asaum- 
ig the gaaeous form, either in their simple or compoiuid 
Ate, the abimic -weight is obtained hy analysis ; common 
larble, for instance, or carbonate of lime, consists of 22 
of carbonic acid, and 28 of lime; the latter number, 
lerefare, expresses the atomic weight of lime. 
107. CloKnificatioa of Compounds. — Dalton observes, 
Wlien only one combination of two bodies can be obtained, 
i must be presamed to be a ii'iiar^ one, unless some cause 
ppear to the contrary ; and when two combinations are ob- 
er«ed, they must be presumed to be a binary and a temari/,' 
)y a binary compound, is meant the combination of an 
tom of each element \ by a ternary, the combination of one 
.tom of one with two atoms of the other. If several com- 
Kiunds can be procured from the same elements, Dalton 
apposes them to combine in proportions expressed by some 
imple multiple of the number of atoms, as in the following 
able:— 

I 1 of A + 1 of B = 1 of C, binary. 

V_ 1 of A + 2 of B = 1 of D, ternary. 
■ 2of A+1 of B= J ofE, ternary. 
V 1 of A + 3 of B = 1 of F, quaternary. 

3 of A 4- 1 of B = 1 of G, quaternary. 

Berzelius proposed a different classification of atoms, viz., 
Dto the Elementary and the Compound. The latter are 
listinguishedinto compound atoms of the first order, or those 
onned by a combination of only two elementary substances; 
>rganic atoms, or those composed of more than two elemen- 
sry substances, and named from their being found only in 
irnnic bodies, or bodies formed by the destruction of organic 
n«tter ; and compound atoms of the second order, or those 
6nned by the muon of two or more compound atoms, as the 
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108. Isomeric Compoundg. — Certain Bubstuices have b< 
discovered, in which the same elements have been found I 
eiist in the same proportions, but in which the c 
propertiea are distinct from each other, owing to a. differ«n 
in the arrangement of their particles. For these compound 
Berieliua has proposed the term Uo-meric (froi 
and i"iM, part), denoting eqnality in their ingrediMit 
Instances of this peculiarity occur in the two cyanic ai"" 
and ia the tartaric and para-tartaric acids; of the latt 
acids, the preposition, «»;*, near to, is used to distingiul 
the one from the other. When the proportion of the i" 
tneuts of different compounds is the same, but the ti 
number of each is greater in one compound than in |] 
others, such compounds are called poly-meric (from 
many). Those compounds in which the ultimate e' 
are the same as in other well-known compounds, but w6i 
ma; be considered to present different arrangements, i 
termed meta-meric (from ^itS, a preposition 
change). 
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109. There is no science in which a correct nomenclatn 
b of more importance, than Chemistry. In fonner t 
chemical substances received arbitrary names, without H 
reference to their composition. Thus, sulphuric acid W 
tvrmaA oil of vitriol ; liquid ammonia, hone spirit ; 
oflime, liquid shell ariA oil of lime. Towards the dose 
the last century, considerable intprovement was effected 
this department, and the newly discovered elements K 
named from some characteristic property, as will be seen 
the chapters on oxygen, hydrogen, chlorine, &e. 

(I.) The terms binary, ternary, quaternary, Stc, 
applied to compounds, by Dalton, to denote the numbei 
I of which they were composed. By Dr. Beid, tl 
■ employed to denote the number of eloraenti 
proximate principles in a compound, not the number 




CHEUICAL MOMENClATt-RE. 125 

(2.) Compounds of which oKjgen forms a part, are called 
tcids or Oiidea, according as thyj do, or do not, possesa 
ciditj : oxygen and sulphur form a compound with acid 
Toperties; oxygen and irou form an ozide, without acid 
Toperties. 

(3.) The term Aciditt/ is applied to bodies which have 
he power of reddening the blue colours of vegetables ; that 
t£ A.lkalinit!/ to bodies which turn -vegetable blue colours lo 
pven, and yellow colours to brownish red ; the former bodies 
Ire termed acids, the latter alkalies. The presence of an 
U^d or of an alkali in solutioo, may be therefore detected by 
means of vegetable cohuHng maltert ; theiie are termed 
testg, firom their teUing or diatinguishing the chemical com- 
jpoutioD of bodies; or re-agenls, from their re-acting upon 
the elements of bodies, 1. By means of an infusion of red 
cabbage, a blue colouring matter is obtained, which turns red 
^3fy the action of acids, and green by the action of alkalies. 
The colouring matter of violets maybe used for the same 
purpose. 2. Litmus is a blue colouring matter prepared 
from the Lichen Rocella. A slip of pa]ier tinged with this 
substance, is more readily afi'eeted by acids than the colour- 
ing matter of cabbage, but b not turned to green by alkalies. 
But if previously reddened by acids, it becomes a valuable 
test for alkalies, which restore its blue tint. 3. Turmeric 
is a yellow colouring matter prepared from the Curcwna 
longa. A slip of paper stained with a decoction of this sub- 
stance, detects the presence of albnlies by forming with them 
a brown compound. It is not affected by acids \ but, if 
previously rendered brown by an alkali, it is a valuable test 
for acids, which restore its original yellow tint, 

(4.) The names of the Acids are derived from the sub- 
stances with which oxygen combines, and these substances 
are termed the bases .- in sulphuric aeid, sulphur is the base ; 
in carbonic acid, carbon. A base may combine with oxygen 
in more proportions than one, and form acids of different 
degrees of strength ; these proportions are indicated by a 
rent termination of the name of the acid ; that in which 
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nate, as in sub-borate of soda. A double salt is a cnm- 
ponnd of two gaits, as the tartrate uf potassa and soda, whicli 
jv considered as consisting of tartrate of potassB and tartrate 
of soda. A triple salt denotes a compound of three salts. 
Haloid Salts, so named from '><, salt, and Clii, form, are 
compounds of the metals with such bodies as chlorine, iodine, 
bromine, fluorine, and cyanogen ; but the term does not 
«pply to compounds contatciiag oityg^n and sulphur; (liey 
are similar in their constitution tu common salt. Sulpho- 
Salls consist of compounds, hoth of which contain Sulphur, 
Oxj/Salla are compounds in which oxygen exists both in 
the acid and the base. 

(9.) Tliere are seTcral terms employed to express solution 
of solid matters, as performed under various circumstances ; 
these terms relate to cases in wliich the whole of the solid 
nutter, placed in the liquid, is not dissolved, a portion of 
it only being extracted, and passing into the liquid state. 
When a substance to he subjected to the action of water has 
hot water merely poured upon it, this is called infusion. 
When heat is applied to the liquid for some time, this b 
Balled decoction. Wlien cold or warm water is poured on 
the substance, and allowed to remain for some time, this is 
termed maceration. When a saline matter is extracted by 
means of water from a solid mass which consists of both 
soluble and insoluble ingredients, the process is termed 
lixiviation. When a substance is subjected for some time 
to the action of a solvent, it is said to undei^o digestion. 
A liquid which acts the part of a solvent, without changing 
the nature of the substance to be dissolved, is termed a 
menstruum. 

(10.) The vaporization and subsequent condensation of 
liquids constitute the process of ditlillalion. The subjection 
of bodies to a red heat in close vessels, and the collection uf 
the products, constitute deetruclive distillation. The pro- 
cess by which volatile substances are raised by heat, and again 
condensed into the solid form, is called lublimationi it is, in 
&ct, dry distillation. 
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bjdrogen. A figure prefixed Tnultipliea the symbol : thus 
a H, 3 H, 4 H, denote two, three, and four equWilanU, 
►^speetiTely. Two equivalents are sometjmea denoted by 
Iplacing a daah through, or under, the symbol: thus H , or 
K, signifies the same as 2 H, or two equivalents. 

(2.J Compounds are represented by placing the symboia 
!!Bf their elements togellier. Thus, S Fe denotes sulphuret 
^ iron. Or the compound may be espreased by an algebr^c 
■ibnnula, as S + Fo. 

(3.) A dot ( ■ ) prefixed to, or placed over, a symbol, 
indicates one equivalent of oxyt/eii. Thus -H or H denotes 
one equivalent of oxygen and one of hydrogen, or H4- O. 
Each additional dot denotes another equivalent; thus, 
: C, or C, denotes one equivalent of carbon and two of 

oxygen, or carbonic add ; : • N, or N, denotes one of ni- 
trogen and five of oxygen, or nitric acid. 
, (4.) A figure pr^xed to any symbols multiplies all the 
following symbols which are not separated from it by a. 
+ sign. Thus 2'H|S = 2-H + 2:S; in this case, the 
Mmpounds ' H and \ S are both multiplied by 2. But in 
ihe following formula, 2'H;S + -K = 2'H + 2iS + -K, 
the two first compounds only are multiplied by 2, the third 
being merely added. 

(5.) A figure placed after any symbol multiplies that 
sfrabol, hat does not afiect any other symhol in the formula. 
Thus, H^ C = 2 H + C; in tliis case, H is multiplied, 
while C is only added. In the formula, NH^ = N + 3 H, 
the latter symbol alone is multiplied, 

(6.) In complicated combinations, brackets a:[c oiten used 
to contain the symbols which are supposed to be united. 
Thus, in the formula [2 HCaN + C^NFe] + 2 " K, there 
are two compounds ; the former is composed of the symbols 
within the brackets, the latter congiata of the aymbola placed 
outwde the brackets. 

(7.) A figure pryfj-erf to ani/ nnmher ofiymboU enclosed 
witfiin brackets, mulliiilicH them all, whether there are in- 
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TtODS or PBOCUBIirO GAS. 
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•* fixed horizonfaily to both sides of the trough, and eitfmi! 
^ half its breadth, so that there is a large open space on one 
"de. The shelf ia perforated with a few holes. '^Ticn thi 
trough is to be used, it must be filled with water to a "" " 
above the level of the shelf, which must always be 
pletely covered with the liquid. When it is required ta 
collect a gas, ajar or receiver must be filled with 
and invtrted over one of the holes on the shulf. As molt 
ga«cs pass through water without mising -with it, and 
lighter than water, they rise above its surface, and ma; be 
collected into a receiver, as shown in the figure. As the gu 
ascends, the water is forced down until it is all expelled, uid 
the receiver is consequently filled with gas.) In this nay ttiB 
chlorate of potassa parts with all the oxygen it possesKd, 
amounting to 37 per c«nt. of its weight ; and a white 
hard salt, called chloride of potassium, is left in the flask. 
The changes which have taken place in thia experiment, Ut 
the following : chlorate of potassa consists of chloric »«id 
andpotassa; of these, chloric acid consists of oKygea 
chlorine, and potaasa coDsbts of oxygen and potasun 
All the oiygen eaeapes, by the application of heat, and I 
chlorine of the chloric acid combines vrith the potassiDia 
the potassa, forming chloride of potassium. The proea 
maj be illustrated by the following diagram .- 

Be/on Dtrampoiiliiyn. Afttr Decompnntian. 



j Pou«lum__ 




It appears, therefore, according to the Atomic compO; 
sition of this salt, that one equivalent of it contains A 
equivalents of oxygen — fl'O ia the chloric acid, and one ll 
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■en on a window in frosty weather. 2. If a quan- 
Ply of sugar be dissolved in water, and the solution be 
Alowed to evaporate, the sugar again becomes eolid ; but, 
I resuming its solidity, it assumes a particular form of 
regularity, — it is now a transparent six-aided prism. 
a wire basket be suspended in a strong solution of 
or sulphate of copper, and withdrawn in an hour or 
, it will be found to be covered nilli a crust of beauti- 
nUy formed crystals. 4. If half an ounce of the sul- 
' "Jjhatefi of magnesia, of soda, of copper, and half an ounce of 
slum, be mixed together in boiling water, and allowed to 
evaporate, each salt will be found to crystallize separately, 
having the same form and properties which it possessed 
previotisly to its solution. 

113. The facility with which bodies crystallize, varies 
considerably : some assume the crystalline form with great 
readiness, others only with great difficulty. Crystals are 
generally procured by the gradual change of a liquid into a 
solid, the cohesion of the particles being undisturbed by 
motion. There are two methods of this kind by wliich 
crystals may be obtained: the substance to be crystallized 
may be dissolved in as little boiling water as will suffice to 
hold it in solution, and the solution allowed to cool ; or the 
substance may be melted by heat, without water, and then 
allowed to cool. The more slowly the liqliid cools, the 
more regular will be the crystals. In some cases, the 
liquid must be reduced to the freezing point, before the 
crystals will form. In other cases, the water of a solutioo 
must be gradually boiled away, as in the process of crystal- 
Uzing sea-salt. 

1 14. T!\\e tendency to crystallite is often very nicely balanced 
by very inconsiderable causes. — 1. If a quantity of Glauber's 
salt be dissolved in as small a quantity of hot water as will 
bold it in solution, and the solution be poured, while hot, 
into a glass vessel which just holds it, end wluch is tightly 
ooTered over with moist bladder, no crystallization will take 
place, eTen when tlie solution ia cold, if the vessel have 



(he orifice, where the leftden tube enters ; bu 
rises in the cylinder, t'le water is farced out, s 
of [he inverted receiver. A glass gauge tube o 
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the upper to the lower part of the cjliader, and opem inlft 
the cyliodor at both ends ; the water, tliercfura, staadt at < 
the same height in the tube as in the cylinder, and its heij^ i 
in the tube affords a means of ascertaining the quantitj at ' 
gas collected in the cylinder. \Viien tlie lower cyUudcTJI ■ 
filled, the opening at wliich the gas was admitted, is cloaeA I 
The upper cylinder is an open waler-trough, conneeled , 
with tlie lower cylinder by two lubea provided with ct^ * 
cocks, m and n. One of these, tn, is continued downvuf ' 
to the bottom of the lower cylinder, and conveys water fron 
the upper to th(s lower cylinder. The other tube, n, tend" ' 
nates at one extremity iu the tup of the lower cylinder, ttti 
at the other admits a passage for the gas from the lower into 
the upper cylinder, through a perforation in the latter. 
jar/ may then be filled vitb gas, by inverting jj 



he latter, ii 
ng.^l^ 
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Wseful in determining the physical character of salts. The 
KAme substance is frequently found to assume diSereut 
Sbrms. Heuce, crjBtaUographers have distinguished orystali 
~anto two kinds : — 1 , the primary, deriiialine or fundamental 
~^orms; and, i, the secondary or derived fomiB. Thu°, a 
*ube is a. primary form of crystal ; but a cube with its 
angles, or its edges, planed off, is a, secondary form \ and 
these three forms may be replaced by each other in the same 
substance. The fiirther consideration of the foniti of 
4SFyBtals belongs to the subject of Crystallography. 

117. f/iomorpkous Bodies. — It was discovered by Mila- 
cherlieh that some bodies crystallize in the same form, 
though totally different from each other in chemical pro- 
pertjea ; and that they may, therefore, he subslituled for 
each other in combioatioo without alFecting the external 
character of the compound. Bodies of this kind are termed 
bomorphoufi (from «■« equal, and ^jpn form), and several 
groups of them have been described. The law at which 
Mitachcrlich arrived is as follows : The same number of 
Btoms, combined in the same way, produce the same crys- 
talline form ; and crystilline form is independent of the 
diemical nature of the atoms, and determined only by their 
number and relative position. 

1 18. Dimorphous Bodies. — Some doubt has been thrown 
en the doctrine of iBomorpliism, by the circumstance that 
some bodies, when treated in different ways, afford two 
varieties of crystals, the primary forms of which are incom- 
patible with each other. Sulphnr and carbon, for instance, 
have, each, two crystalline forms, which are incompatible 
with each other. Such bodies are termed Dimorphous 
(trota its, twice, and^t;^, form). No //■i-moq)hous bodies 
have hitherto been discovered. 

119. Plesiomorphoua Bodies. — Another argument against 
the doctrine of Isomorphism has been founded on the cir- 
cumstance that the forms of substanees are not exactly 
■aiike, but nearly so. This approximate resemblance in- 

^Mgd Professor Miller to designate sueh bodies as pleaio- 
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I ^rpAous (from r?.>,rU,, near, and it>if'i, form). Tumo 
I w>serve.ii thai it is an important matter to ascertain the 6t- 
f;implioa between isomorphoiis and plesioraorphous bodies 
**'a to dbeover if two substances may he plesiomorpluat b 
6 state of combination, and isoinorphous in ftnatber. 
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81. What 13 the genera! difference between »meehmiitl i 
Hdxture and a chemical compound* — 83. Gire some is- 
Btsnces of chemical affinity^ as exhibited between different 
bodies,— 84. "What is single elective affinitg f Illnstrate ill 
operation in three substances. Describe a case ia which id 
operation ia attended by decomposition. — 85. What is doMt 
elective affinity? Illustrate its operation in tt^o componndi. 
State the composition of muriate of ammonia and of lime; 
and describe the changes which result from their chemical 
action upon each other. — 86. Give some examples ot change 
of properties as induced by chemical action. — 87. Gixa eatae 
eiamples of change of density. In whit instances is the 
density of bodies increased by chemical action ? — 88. Under 
■what circumstances is change of temperature a result of 
l«liemical actbn?— 89, How may bodies undergo achangs 
'■/^rmby cbemicd action ?— 90. Give examples of e*a(v» 
^ colour, smell, taste, and sound, as induced by chemiol 
action. — 91. Illustrate the antagonism which exists between 
cohesion and a/?Eni(y.— 92. How may it be inferred th«t 
cohesion determines the result of chemical action, even in 
opposition to affinity T — 93. How does elasticity counterut 
the tendency of affinity ? In what cases does elasticity act 
as a decomposing agent ? — 9-1. Explain the influence of 
^antily of matter in effecting' decomposition — in fbnning' 
solutions — in favouring chemical action. — 95. How does 
gravity modify chemical action P Give some instances of 
its counteracting power, — 96. "Whti is meant by ^ecytc 
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md light; the latter bod; is c&lled a contbustible, and, in- 
stead of undergoing: oxidation, is gaid to be burned; the 
osjgcn -which combines with it, and supports the burning nf 
it, is called a.suppoTter of combustion. Tliis maybe ill ustr3.ted 
by the chemical process of the burning of a candle or lamp. 
The wick is lighted by a piece of burning paper or wood; 
by this means the particles of fat or oil immediately condgu- 
OUB to the fliune are healed sufficiently to be decomposed into 
inflammable gaseous matter; this corabinea with the oxygen 
of the Hurrouodiug air, and produces the phenomenon of 
fiame : the flame givei out sufficient heat to decompose 
■nother portion of the fat or oil j and thus the process con- 
tinues until the whole of the candle or oil is exhausted. 
On burning any combustible substance in ajar of oxygen, a 
considerable quantity of the gas disappears, whiie the weight 
of the combustible increases in exact proportion to the loss 
of the oxygen ; a combination has thus taken place between 
the gag and the combustible, and on acid or an oitde is 
formed ; thia compound may be again resolved, by chemical 
action, into its constituent elements. The amount of heat 
emitted, during combustion, varies with the substances 
burned. It is, however, daflnite, and may be meaanred. 
The plan adopted is to melt ice, to raise water from the 
fireeiing to the boiling point, or to convert water into ateam. 
The quantity of heat appears to be in proportion with the 
quanti^ of oxygen consumed : the greater the quantity of 
o:^gen consumed, the more heat is developed. The follow- 
ing table shows the amount of heat evolved by burning four 
substances of variable quantity, with the same quantity of 
oxygen ; the amount is nearly the same : — 

I lb. Oxygen with Hydrogen beats from 32° to 212° 20^ 

„ with Charcoal 29 

,, with Alcohol 28 

with Ether 28i 
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CHAPTER V. 
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120. General Remarks. — Oxygen, in its elementary stit^! 
is a gas. It is one of the few elementary substances iritUKj 
occur naturally in the gaseous form ; in tliis state, and lu 
combined, it constitutes about one-fifth of atmospheric ti 
In a state of cotitbiitation, this element occurs is such ti 
abundance as to form upwards of one-half of the globftj 
Oiygen esists in the liquid form in water, ia which it ' 
occurs in combination with hydrogen, iu the proportion of 
one volume of the former to two volumes of the latter gas. 
Oxygen ia found also in the solid state : most of the minenl . 
bodies foruung the crust of the earth, contain more or Im 
oxygen ; and it exists, as an elementary principle, in almoit 
all the products of the animal and vegetable Idngdomi, , 
Oiygeu is, perhaps, the most important of all the elements^ 
from its proneness to enter into composition, it ia constant^ . 
operating upon, and modifying, every thing in natiirQi | 
The complicated apparatus, connected with the respiratint < 
of animals, is obviously constructed with reference to thft', 
properties of oxygen as it exists in the atmosphere. Oxygei^i 
was discovered in 1774 by Priestley, who called it dephlo-,, 
giilicated air i and soon aiterwards by Scheele, who called 
\l empyreal air ; by Condorcet it was termed vital air. Iti 
present name. Oxygen, is derived from "Eii. acid, and y 
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I generate, and was given to it by Lavobier, with reference 
to its property of forming acids in combinatjoo witli other 
elementary bodies. The subject of oxygen may be con- 
MAered under the following hiads i— * 

1. Mode of procuring Oxyijen. 

[ 2. Propertieis of Oxygen. 

I 3. Theory of Combustion. 

I 4, Uses of Oxj/gen. 

121. Mode of procuring Oxygen. — Oxygen gas ia gene- 
rally disengaged from some compound containing it, by the 
action of heat, A large quantity of perfectly pure oxygen 
may be obtained by the following process. Half an ounce 
of the salt called Morale ofpotassa is placed in a Florence 
f/H fla^k, furnished with a perforated cork, into which a 
bent gla=a tube is Sxod, as shown in the figure. The flask 




Is placed upon a chemical stand, and heat is applied by 
means of a spirit lamp. The salt melts, though it contains 
no water, and, when nearly red hot, gives otF an abundance 
of 0S3rg«n gas. The gas passes through the glass tube, and 
(alters the glass vessel, or receiver, which had been pre- 
viously filled with water, and inverted upon the shelf of a 
pneumatic trough. (The pneumatic trough is a vessel made 
of tinned iron, and capable of holding a large quantity of 
irater. At tbedepthofabouttwaiDoliNfrDinthetap,sali«tf 



CHAPTER VI. 

OF HYDKOGEM. 

130. General Remarks. — Hydrogen, in its demeatm^ 
state, b a gas. It is, liowever, found in nature onl; in i 
coDibinrA state. It occurs most generally, and abundantly, 
in combination with oxygen, in the form of water, ani it 
enters into the composition of almost every organie snbatanK 
In reference to org-anized beings, therefore, hydrogen ruifa 
next in importance to oxygen. It differs from oxygeDD 
not being, in its elementary state, necessary to life ; inded 
hydrogen is actually incompatible with the existence of id 
mals, if not of vegetables ; and its properties, as an olemcdl 
have evidently been sacrificed to its properties as a con 
pound; that is, to its properties as a constituent of wM 
Prom the inflammable nature of Hydrogen, it ivas formeij 
called inflammable air; from its being considered the matt 
of heat, it was also called phlogiston. Its present name 
Hydrogen is derived from W-f, water, and yoncw, I generit 
in reference to its forming 'ealer in combination with oi; 
gen. The subject of Hydrogen maybe considered under S 
following heads : — 



1. 3Iode of procuring Hydrogen. 
•2. Properties of Hydrogen. 

3. Uaet of Hydrogen. 

Oxg-hydrogen Blow-pipe. 

4. Compounds of Hydrogen leith Oxy^ 
1, The Protoxide, or Water. 

t Peroxide, or Oxygenated 
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Modi of procuring Bgdrogen. — HjilTogen U pro- 1 
by deconipoaing water by means of iron, zinc, or sor 
metal. The following is the simplest mode of o 
[ this gas. A glaas rttorl must be procured. The | 
of this vessel is represented in the subjoined figure. 

Fig. W. 




■etort should be tubulated; that is, it must he fur- 
1 with a mouth at the upper part, to which a corlt, or 
-tight stop])er of ground glass, is fitted. A number of 
iron nails, or small pieces of zinc, are tobe iotrodueed 
I tubulature ; water is then poured iu, in much greater 
it; than is sufficient to cover the metal; and to this 
,ed about the same weight of sulphuric acid as that 

nails. Effervescence immediate]; commences, owing 
e extrication of hjdrogen gas, which is expelled 
jh tho beak of the retort, and received into a glass 

receiver, inverted, as in flg. 38, full of water, upon 
helf of the pneumatic trough. By adding more snl- 
a acid, when the effervescence becomes feeble, iiesli 
ies of hydrogen may be procured, and any number of 
[lasses may thus be filled with the gas. The first 
ms of the gas, being mixed with the common air of 
etort, and therefore impure, should be allowed to 
unce of zinc will canse the evolution of GIS 
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2, On the otlier hand, the composition of water tmj Hi 
proved analgtically, or by resolving water into itt donMOJ 
Tbia IB effeuted by meaos of the Galvanic battery. The nh 
Joined figure represents a glass vessel, with a perforation ■ 
each side furbished with a cork, through which arc pu« 
irires connected with the two poles of a Galvanic bittaj 
The vessel is partly filled with water. Two glass tuba 
A and B, botli fHled with water, are inverted in the vnri 
As the stream of electricity 
passes from P to N, the water 
undergoes decomposition, the 
oxygen rises in one of the glass 
tnhes, the hydrogen in the 
other, the volume of the latter 
being (leice as great as that of 
the former. By this esperi- 
jnent, the proportions in which 
these elements combine, by 
ffOlume, may be exactly deter- 
Qiined : they are trco vo/anies 
ofhydrogtn, and one of oxy- 
gen. Tlie same result is ob- 
tained by synthetic expcri- Fig, v. 
ment ; if one Tolume of oxygen be mixed with three 
hydrogen, and the mixture be esploded by the eleo 
spark, one volume of hydrogen remains after the esplo^ 
if the explosion be made with two volumes of oxygen ■ 
two of hydrogen, one volume of oxygen remains after 
explowon. The proportions in which these gases coml 
hy weight, is 1 of hydrogen to 8 of oxygen. It has \ 
found, hy careful experiments, that 100 parts of pure wi 
conast of U-l of hydrogen and 88-9 of oxygen, whid 
the ratio of 1 to B'009, or very nearly the [troportion at 
stated. 

138. Properties of TTater.— Water is a transpai 
liquid, without colour, smell, or taste. It is capable 
existing in the solid, the liquid, ortheffi 
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ed in it ; when taken into the lungs in a large dose, 
1 shrill, squeaking sound of the voice. It has 
d nor alkaUne properties. It is a non-conductor 
^tricity, and occupies the lowest pofiition in the Beriea 
3 electrics. It is sparingly absorhed by water, 
ibic inches of this liquid dissolving about one and a 
f the gas. It is a powerful refractor of light. Its 
tlent by weight is I ; its combining measure is Iwo 

r. Its symbol is H. 

Hydrogen gas is the lightest guhstance in nature. 

> times lighter than oxygen, and I4'4 times lighter 
itmoepheric air; 100 cubic inchei of hydrogen gas 

only 2'14 grans. The lighlnecs of hydrogen gaa 

: exhibited in an amusing manner by the following 
imenCa. 1, A bell glass, furnished with a, stop-cock, 
le filled with hydrogen by means of the water 
i, as represented at page 137 ; to this is fixed 
der, also provided with a stop-cock. On 
ig both the stop-cocks, and lowering the 
IT into the water, the gas is forced up into 
iadder, which may thus he filled, and re- 
I from the jar. A tube may then be adapted 
month of the bladder, and bubbles formed fj"^ 
iping its extremity into soap lather; these bubbles 
ipidly into the air, and may be fired by the application 
lie as ttiey rise. If a little balloon of oiled stlk be 
mted for the bladder, it will rise into the air, owing 
Bow specific grarity of the gas. 2. If two bell-glasses 
Pt with hydrogen gas, and placed, the one with its 
bouth upwards, the other with its mouth downwards, 
IS will have entirely escaped from the former in a few 
es, but it will still be found in the latter. This may 
illy ascertained by applying the fiame of a candle to 

f, of each glass ; the contents of the latter only will 
I 
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■Hydrogen is highly combustible, but does not syp- 
tbutlion. In these respects hydrogen exhibits ojipo- 
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^^'^^g to its hariog flowed in contact with various roeke and 

*^»erals, 3. Siver-wattr is liabJe to the same itnpuritiefl 

^* spring-water, 4. Well-ieaier is generally charged with 

"^•■eign waters ; the water of marshes contains vegetable 

■**atters in a state of putrefaction. 5. Hard-uater owes its 

**^uliar properties, generally, to earthy salts ; these are, in 

' **iBie cases, precipitated by boiling ; in other cases, the acid 

l**opertieB are neutralized by the addition of an alkaU, as 

*^a or potash. 6. Chalybeate waters are those containing 

**(m ; the metal frequently exists in the state of carbonate 

dissolved in carbonic acid, and it rarely occurs in a greater 

f^roportion tlian that of one grain to a pound of water. 7. 

•Sulphureous waters contain sulphnreted hydrogen gas, in a 

Jiroportion not exceeding that of air in gpring-water; and 

Ihey contain no oxygen. 8. Saline waters usually contain 

'salts of lime and magnesia, and generally common salt. 

(«. Sea-woler contains 3J per cent, of saline matter : that of 

e English Channel contains nine times as much lime as 

^t of the Mediterranean ; whilst the latter contains twice as 

ach magnesia and sulphuric acid as the former. 

E]43. Water, employed for domestic purposes, is freed 

a the impurities suspended in it, by the process oi Jil- 

For this purpose, the water is allowed to perco- 

3 through filter paper, through strata of gravelly sand, 

W crushed cinders. Water, employed for chemical purposes, 

Dst previously undergo dislillation. Distillation consists 

II separating some substance fVom another, by causing it 

to assume the form of vapour, and condensing the vapour 

in a separate vessel, the other substance bebg left behind. 

The apparatus employed for 

this purpose is represented 

in the annexed figure. The 

water to ha pnrifled is boiled 

in the retort for a little time 

in order to expel the gases ; 

the beak of the retort is then 

introduced into the flaalc, oallod a receiver. The receiver w , 
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®Pt cool by being placed in a Teasel of cold water, of liy 

fjlowing a stream of cold water to fall continually iip« 

- The vapour arising firom the boiling water is thus eo» 

®|5*ed, and returns to the liquid state, in the recdw: 

"^hile the impurities of the water remain behind in the n 

tort. DistiUed water which does not redden litmus papa 

nor gii^e precipitates with muriate of baryta, nitrate of silwi 

or oxalate of ammonia, may be considered fit for all ordinn 

chemical purposes. 

143. Application of Steam as a moving power.— 'R 

expansion of water into steam is employed as a morii 

power in the Steam Engine. The application of this aga 

depends upon two principles, which may be illustrated bj 

little instrument contriyed by Wollaston. It consists of 

glass tube, which is enlarged at one 

end into a bulb, and is open at the 

other. A piston p is fitted to this 

tube, so as to move up and down 

with ease, but at the same time to 

be air-tight. Some water is put 

into the bulb, and heated ; steam is 

formed, and the piston is raised to 

the top of the cylinder. In this ^^^' ^^ 

case, the elastic force of the steam 

is the moving power, and this force 

is proportionably greater, as the 

piston is more loaded, and the steam 

more confined. If the bulb be now 

plunged into cold water, the steam 

in the cylinder is condensed, and a vacuum is produi 

below the piston, which is now forced down to the bott 

of the cylinder by the pressure of the atmosphere. In t 

case, the moving power is acquired by the condensation 

the steam, and the consequent production of a vacui 

This alternate motion may be repeated, and it constitu 

the source of power of the steam engine. 
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|lt the passage of flame. (See Sqfelt/ Lamp, eh. 
ffhen the apparatus is made on a large scale, the 
kept in separate vessels, and are brought in con- 
st the tube from which they escnpe, Mr. Daniell 
feed an improvement on this principle, by which 
tf oxygen is introduced within another stream of 
or of coal gaa, so that the stream of osygen is 
b the middle of the flame. 

\amp0UHds of Hydrogen with Oxyr/en. — Hydrogen 
Srith oiygen in two proportions. The compounds 
led are the protoxide, or water; and the peroxide. 
kposition is as follows : 

tr Weight. Bf Vi^um 

Hjilrogen. OiTsea Hjd. ( 

Me 1 nr 1 equlr. + 8 or I equiv. = 9 100 
lie 1 or 1 equiv. + 16 or 2 e.]iiiv. = 17 100 1 
lemical symbol of water is H+0, or H; that of 
Ede isR+2 0, orii. 

Iiloxide of Hydrogen, or Water. — The sole pro- 
« combustion of hydrogen and osygen, is Water. 
mposition of water may be proved synthetically, 
■firmation of water by the combination of these 
, The simplest way of illustrating the formation 
kto invert a dry glass vessel over the flame of the 
eat candle (p. lal) [ as the combustion proceeds, 
jously deposited on the sides of the vessel, owing 
tbination of hydrogen with the oxygen of the air. 
atiott of water may he also shown by 
g the mixed gases into a strong thick 
glass a, furnished with a stopper t, 
:be pressed tightly down by means of 
*d with a stop-cock 7J. By means of two 
I, which are inserted into the stopper, 
Diucate with the interior of the vessel, 
spark is piased directly through 
■ which combine with explosion, and 
Bposited upon the sides of the glasa. 
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CHAPTER VII. 



145. General Remarke. — Nitrogen, in iU dema 
state, is a gas. It is one of the very few elementary b 
which are found naturally in an uncombined state. 
great bulk of this gas is confined to the atmospher 
it constitutes about four-fiftha, or 60 percent., thereat] 
principally oiygen. It forms a eonatituent element in 
and several vegetable subatancea, but enters very spai 
into natural mineral productions. It ia remarkably d 
guished &om other elementary bodies by the t 
active properties. Not witbstan ding the negative prop 
of nitrogen in its simple state, it forms -a. 
energetic compounds when made to combine with 
substances ; some of these are atmospheric air, aqos 1 
ammonia, and prussic acid. The name Nitrogen v 
to this gas from its being an element in nitric acid ; fro 
being incapable of supporting respiration, it has been tc 
Azote, or life-depriver. The subject may be studied i 
following order : — 

1. Mode of preparing Nitrogen. 

2. Propertiet of Nitrogen. 

Atmoapheric Air. 

3. Compounds of Nitrogen and Oxygen. 

I. Nitrous Oxide, 
2. Nitric Oxide. 

3. Hyponitrou» Acid. 

4. Nitrous Add (f) 
h. Nitric Acid. 




MODES OF TmocrwssjR 3nnnB>«cfc: DflL 

116. Modes of proaaimgi SUtmpm.. — ScCbi^bd: m ipa»- 
|r procured from atmoeplDfiBr job;. «vBe^ IJiM'^Ktttdlf^i^iieii 
list, by measure, of 79 «£iBBBif0sa: amf ^ <]|f oanjgBB^ 
LO Tnientheairedbakdfi«Bl&i;Imi^<ifaKamiiidLI^ 
1 washed with fime i«aia^ w&ie& mmv^es the (sa^HUue 
Ly the gas whidiicmaiKKiHiiBdil^ftsriiiisagflhiftf^ 
tin^ respiradoo. Tlik h mtfmut xdem«m. ^m.. 
2.) If a bell-g^atsi wtaimg jttiMiq|&ggng anr BfraPWrtteA 
r a lighted taper, m a icaodl fiiinanrmg a; Sitdft mttSK. aa 
•m in the adjiHiniig %arey tA«r ifime: b««HiMft ^agbuHif 
re dim, andispreKodf estn^nm&eiL Tbis; 
iter part of the os]ngica ^f t&s; aor oi <sflii^ 
led in supportiDg the CMB&iaiA2aii& <iir dw; 
anr; the remaimng gas is fnoe^^fl^ oaani^ 
• The effeet is leodered asm; ^tnf&nig;, t^ 
^radoal rising of the water oittv dbe; ieO^ ^^ i«u 
iByin proportion as the os^^e&noiimaiwflL 
Instead of the t^o; a fosiM; naik: (tlT ianuii VSxof^ Mut 
^linr be pbuxd mider dbc; idBh^fiaaav <w a acanrf raiaed 
^e the water, the oxjgss <^ ^ttr e«otaia«eE aiar w2a W 
Anally diminished, and tibe wafisr wffl aseaidl frof«r' 
fc^ly. The residoe is pmmpaiOf ma^^gjsm^ a^ is tike 
Kier case. 

S.) If; instead ofaligjitcdt^cr, a fwtiM«#filmfiio^ 
turned under similar UKxam/ bsmx§^ ^kt wMe id Ike 
^^ea will be consumed by flie etmAua^dtm. la €lm cxpe^ 
Lent, the vessel becomes filled widi white tames, maaa^ 
Cb the combination of the f^iosf J boms widi the &%fgea of 
air; this substance is pho^horie add. Utbeexpahoeol 
^rformed in a recmer over water in apneiimatie tnyogfa, 
! fiimes are absorbed by the water, w^ich rises propor- 
Kiably in the receiyer ; and nitrogen gas akme remains. 
lese changes are shown in the following dia^am : — 

Before DecompositioH. AJier DeeompctUioM. 
Atmospheric Air Jjj>««««» Nitrogen- 
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FBESSUBE OF THE ATMOSPHERE. 1«^ 

■*« elastic state, is inverselj' as the pressure to whicli jj. . , 
*».bjected. Thus, 100 volumes of air, under a pressij-^ ]Z 
^B pound, are reduced to 50 volumes under a preasvi^, ^ 
■"^0 pounds, and expand to 200 volumes under a presa\i » 

*»!? half a pound. ** " 

U9. The pressure of the atmosphere at the level of tV, 
Laieqtialloa weight of about 15 pounds on every squa*.^ ^. ^^^ 
Of surface, and ia capable of supporting a column of -^2^ 
«5f 34 feet in height, or a column of mercury of 30 IvT'?;'^'' 



"Thus, a column of air, the base of which 
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rieMhing from the level of the sea to the limit of iVj^ 'I'Uare, 
Sphere, a column of water of equal base and 34 fe^,^ ^mo- 
■nd a column of mercury of equal base and 3*>'ne:1j^ \^-^^' 
weigh each about J5 pounds. The pressure of t-l^^ "■g''i 
■phere diminishes with its elevation, the upper stT^t- ^^''* 
atways more rarefied and expanded than the lo-vv^^ oeing 
npgn wliich they press. Thus, at an elevatioci. Strata 

miles from the surface of the sea, the atnmspher^> -j 2-705 
its density, or one volume is expanded into txvo *^^ ^^^ 
bwometer would stand at 15 inches ; the density' ^^'^ '?* 
halved for every 2-7 miles of additional elevati^-^ ^^^ 
pressure of the atmosphere varies also ia the sam^ ^, ■ J''^ 
a« indicated by the barometer. The counes of n,^ "^'^'^"' 
tions are not understood, but it is generally fotm^ ^?^ ^^""- 
weather is fair and calm when the mercury ^^ "^^ tl"e 
barometer, and wet and stormy when the mercu^ „ ^° ^^^ 

150. The temperature of the atinoifjihere Varj^^ .^■ 
elevation. It is greatest at the surface of the eap^l"*" "^ 
liminiahes one degree for every 352 feet of ele-paii ^'' 
:he lower strata; at great distances, the progpesaiv V'' '" 
cmperature ia leas rapid. In the warmest clioj^j^^ ^ "*" 



e point, at which the thermometer never rise ' 



12"; this pomt varies with the latitude, being- v^T."*^ 
(rithin the tropics, and gradually descending in 0,^ jjj^^'n^st 
rf the poles. This diminution of temiierature witj, 5'''*'' 
lion from the surface of the earth, appears to depemj^ *'^" 
fta joint influence of the tuio follotem eattut. > '^f" 
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s beat, not from the rajs of the SUi 
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from the earth; its temperature is therefore lower 
further it IE remoTeii from this source of heat. 2, Tl 
creased rarity of the atmosphere in high elevations, b ai 
panied by the production of cold, owing to its epeeifli 
being greater in a rarefied than in a more condensed 
(p. 60). Tlie phenomena of winds (p. 22.) are occas 
by inequality of temperature of the attnosphere at dif 
points of the earth's surface. 

151. Analysis of Atmospheric Air. — Various modes ol 
It/sis are practised in order to ascertain the quantity of 
gen or of oxygen contained in the atmosphere. This in 
oonBtitut«H the subject of Eudiotnetry, a term which di 
the measuring of the quality of the atmosphere. Fo 
purpose, substances are employed which will absorb oi 
some all the oxygen of a confined portion of air, care 
taken to employ a substance which will not mix wt 

alter, the volume of the nitrogen. 1. In Achard's i 
meter, this effect is produced by the slow combusti 
phosphonu. A graduated glass tube 

a i is blotm at one end into a bulb c, 

into which small pieces of phosphorus 

are introduced, in the proportion of 

one-third of a grain of phosphorus to 

one cubic inch of atmospheric air; 

the remainder of the tube is filled 

with mercury, and its open eslremity 

is immersed in a jar filled with the 

same metal. The oxidation of the 

phosphoms is increased by heating 

the bulb by the flame of a candle. 

Tlie oxygen of the atmospheric air 

in the tube unites with the phosphor 

of nitrogen ; by comparing this with the volume of 

spheric air employed in the experiment, the relative t{ 

ties of the constituent gases are determined ; the comi 

always indicates 20 or21 percent, of oxygen. 2, In 1 
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tier, the effect is produced bj the combination of ona^ 
of oxygen with two volumes of hjdro 
Sbrm wster. This instrament consists a 
f graduated glass tube a b, closed at it 
y a, and open at b; two wires c (/ ar 
D its sides, for the purpose of passing an | 
ipark through the contents of the tube. Ei 
in of atmospheric air is carefully measured W 
idnated tube, and mixed with a quantity y ■ ^. 
^n gas, which is rather more than suffi- f's- s*- 
■ oombining with all the oiygen present. The mii- 
Ktroduced into the eudiometer, and an electric spark 
ibrough it, the open extremity being closed by (he 
It the moment of detonation, in order to prevent any 
ixture from escaping. Water is formed by the com- 
flf one volume of oxygen with two of hydrogen ; one 
Brefore, of the diminution of the mixed gases repre- 
i volome of oxygen in the atmospheric air employed, 
combnstion of the mixed gases may be effected, 
explosion, by means of a little pieee of spongy pla- 
ptroduced into a graduated tube placed over nier- 
ta every case pure atmospheric air is found to be 
f constituted. But the i^tmosphere is never abso- 
ire; it always contains a variable quantity of watery 
Barbonic acid gas, and other volatile and odoriferous 
which, though inappreciable by the senses, con be 
.by chemical tests. 

jpie proiierties of the atmosphere are much affected 
cesence ot watery vapour in it, which it acquires by 
-with the surface of the ocean, rivers, lakes, and 
0, The quantity which it can contain is limited by 
Irature ; and it is again condensed and precipitated, 
ions causes, in the form of dew, rain, &c. (p, 49.) 
Cho presence of carbonic acid in tlie atmosphere is 
I by exposing to it a vessel of lime water, which is 
Bred over by a film of carbonate of lime. Saussuro 
iibonic add in the air collected at the top of Mont 
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Blsne ; and there can he no donht of its being diffused 
through the whule mass of the atmosphere. The mean 
proportion of carbonic acid is 4-9 Toluraes in 10,000 voliunu 
of air, or almost exactly 1 in 2000 yolumes ; but it is found 
to Titry in the Mine place within short intervals of time ; 
the Tariations rang'e from 6-2 &% a ntaxiimm to 3-7 as ■ 
minimum in 10,000 volumes of air. The proportion ii 
greater in summer than in winter, greater during night 
than in day time, and greater in gloomy tban in clear 
weather. It is also mure abundant in elevated tlian in low 
situations ; but in the former, its quantity is nearly the sunt 
by day and night, in wet and in dry weather ; whereas in the 
Utter, its quantity is diminished by the moist state of the 
ground, as aAer rain. The presence of carbonic acid in the 
atmosphere is essential to vegetable life j plants absorb this 
gBB during the day, decompose it within their tissues, and 
appropriate the carbon for their support, while they evolte 
the oxygen with which it was combined. During nigfal 
opposite effects are produced r oxygen is absorbed, and 
carbonic acid evolved. But it has been shown that plants, 
during twenty-four hours, yield more oxygen than thty 



154. The constitution of the atmosphere, above deseribed, 
affords an instance of the ben^cial adjuttmeata of natore. 
On this subject. Dr. Donovan observes : — ' Were the atmo- 
sphere to consist wholly of oxygen, and the ditl'ercnt kinds of 
objects which compose, and are found upon, the globe, to 
remain what they are, the world would run through its 
stages of decay, renovation, and final destruction, in a rapid 
cycle. Combustion, once excited, would proceed with on- 
governable violence ; the globe, during its short existence, 
would be in a continual conflagration, until its ashes wonld 
be its only remains ; animals would live with hundred-fold 
intensity, and terminate their mortal career in a few hours. 
On the otherhand, were the atmosphere wholly composed of 
nitrotjen, life could never have existed, whether animal or 
vegetable, and the objects of the Creator in forming this 
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^nrU woaM Mt b* Mfikid. 
lAidcioiiie waxturtct these two fa 
nentralizhig IIk other's (Maefal influeiKe. Tbe life of ani- 
mals nitts qnjetlr ilinn^ its dIott«)l spiee ; and ibe cnrrmt 
<rf' natore Sows within prescribed limits, manigeablj *aA 
modentelj.* 

155. Compomdt of Xttrogfii and Ozy/ien. — The com- 
pounds ofNitngeD and Oijg^n are fire; of these, two are 
oxides, and three acids. They afford striking- instaoc^s of 
the direct proportions in which g:ases combine with each 
other by vohant. Their composition and equivalents, as 
elated b; Turner, are as follow : — 





B, V«l^m4. 


Bu ir.^f.1. 




Ni.r. Oxjg. 


Nitr. 0»re. &!■■". 


Nitrous oiide . 


. 100. SO 


14-15+ 8 = aa'i5 


Nitric oxide . . 


. 100 . 100 


1415 + 16 = 30-15 


Hjpomtroos acid 


. 100 . 150 


1415 +24 = 38-15 


^"»TOIll acid . 


. 100.200 


1415+3! = 46-13 


Nitric wid . . 


. 100 . 250 


14.15 + 40 = 54-16 



156. Nitrovg Oxide, or Protoxide of Nitrogen. — Nitront 
oxide is procured by decomposing nitrate of ammonia. A 
few ounces of this salt are to be introduced into a retort, 
and heat gradually applied by means of a pan of chaicoal, 
tbe diffused heat of which is more convenient in this prepa- 
ration than that of a lamp. The salt melts, boils at a tempe- 
rature of about 480°, and is decomposed ; the results of the 
decomposition are water and nilroua oxide gas, the latter of 
which may he collected in a gas-hoMer, as described at 
page 139. The nature of this process may be readily under- 
stood by the following diagram, copied from Prof. Graham's 
Chemistry, in which 1004 parts, or 1 equivalent, of tbo 
- nitrate of ammonia are employed. It will he obaerrcd that 
three equivalents of hydrogen in the ammonia combine witll 
three equivalents of oxygen in the nitric acid, and form 
water; while the two equivalents of nitrogen in the ai 
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NITRIC OXIDE. 
y than in oiygen, but with greater tbac 
osphonis, sulphur, and charcoal, reiiuire to he well 
Bt before they arc immeraed in this gas ; an iron wire 
at for a shorter time than in oxygen. With 
[Hal hult of hydrogen, it forms a mixture which ei- 
iB violently hy flame or the electric sjiark ; the hydre- 
iombines with the oxygen, and nitrogen ia liberated. 
most remarkable property of this gas is its effect on 
H life, when breathed. Davy discovered (hat it sup- 
■Qiiratian for a few minutes. He thus described the 
pproduced on himself by inhaling this gas. ' Having 
Muly closed my nostrils, and exhausted my lungs, I 
bed four quarts of nitrous oxide from aud into a ailk 
The first feelings were those of giddiness ; but in leas 
half a minute, the respiration being continued, they 
lished gradually, and were succeeded by a sensation 
gouB to gentle pressure on all the muscles, attended by 
oly pleasurable thrilling, particularly in the chest and 
[tremitios. The objects around me became dazzling, 
ly hearing more acute. Towards the last inspiration 
irilling increased, the sense of muscular power became 
ir, and at last an irresistible propensity to action was 
fed in. I recollect but indistinctly what followed : I 
that my motions were viirious and violent. These 
s very soon ceased after respiration. In ten minutes I 
Kovered my natural state of mind. The thrilljog in 
emities continued longer than the other sensations. 
I has been breathed by a Tcry great number of per- 
1 almost every one has observed the same things. 
B tew, indeed, it has no effect whatever, and on 
ta are always painful.' Davy breathed nine 
f this gas for three minutes, and twelve quarts for 
m four minutes, but was unable to continue 
BJment for a longer period. 

ifilric Oxide, or Deuloxide of Nitrogat.~-Nitric 
: procured hy the action of nitric acid on metallic 
Tor this purpose, some copper wire or sheet copper, _ 
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Ibat □itric oxide is an irrespirabk gas, and that any 
ipt to inhale it would be dangerous, as it would com- 
Bith the atmospheric air in the lungs, and form nitrous 
"rqioure, which are extremely irritating and corrosive. 
Sgponitrous Acid. — This acid is oamed from its 
less oxygen than nitrous acid (ii-a, under). It 
Ifitroui Acid of commerce. It is formed by mixing 
FTolumes of nitric oxide with one Tolume of oxygen, 
perfectly dry. The gaeea unite, and are condensed, at 
iperature of 0°^., into a green-coloured liquid, which 
exceedingly volatile, as to pass off, in open vessels, in 
'inn of orange vapours, said to have a specific gravity 
fB. Hyponitrous acid does not combme directly with 
ieB and earths, being resolved, by these means, into 
I nude and nitric acid ; hy heating the nitra'ef of these 
a, however, to a gentle red heat, corresponding hypo- 
to« may be procured (p. 126, j5). Hyponitrous acid 
^ble of combining with several acids ; thus, with sul- 
le add and water, it forms a crystalline compound 
It is generated in large quantity in tie preparation of 
Uric acid. Hyponitrous acid has a powerful affinity 
>Aer ; this liquid changes its colour to orange, yellow, 
een, according to the proportions used ; much water 
res it into nitric oxide, which escapes with efferves- 
\t and nitric acid. 

I. Kitrous ^cW(?).— This compound consists of the 
Ipal part of the orange vapours, above mentioned, 
i always appear when nitric oxide is mixed with the 
Prof, Graham observes that, as this compound cannot 
ade to unite either directly or indirectly with bases, 
gas no acid properties, any designation which implies 
1^ should be avoided, particularly that of nitrous acid, 
i is applied on the continent to the preceding com- 
L He adils that the name peroxide of nitrogen is more 
oordance with the rules generally followed in naming 
eonipounds. This compound may be procured in the 
lus, and in the liquid, form. I. The gaseous peroside 
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and it should therefore be preserved in a, covered b< 
When suddenly miied with 3-4"" of its -weight of wat«, 
temperature may rise from 60° to 140°. Tlie niii 
commerce has an orange -coloured tint, owing ti 
Reuce of mtrous acid fumes which are disengaged durii^ 
process of preparing it. 

(1.) Nitric acid is exceedingly corrosive, and actsi 
great energy on subsUnces which are disposed U 
with oxygen ; hence, it is much employed as an 
agent. Nearly all the metals are oxidized by it ; 
of them, aa mercury, copper, zinc, and tin, with great' 
lence. When poured upon burning charcoal, the brill 
of the combustion is considerably increased. Sulphur, ] 
phorus, and iodine, are converted into acids by its m 
When nuied with a fourth of its bulk of oil of vitritd, 
thrown upon a few drops of oil of turpentine, an e 
combustion of the oil takes place. All vegetable au] 
are decomposed by it: itsoiygenconibines with the b_ 
and carbon of these substances, forming water with thai 
and carbonic acid with the other. Animal s 
also decomposed by nitric acid ; it stains the skin and i 
of a, yellow colour, and acts upon the former a: 
cautery. The orange patterns upon woollen table a 
produced by this agent. The strongest nitric acid, hom 
produces no violent action upon certain organic substs 
as woody fibre and starch, for a short time, but eomJ 
with them and forms remarkable compounds. 

(2.) Nitric acid forms an important class of salts, a 
nilrates. All of these are soluble in water ; hence it is 
possible to detect the presence of nitric acid in a. soh 
precipitating it in combination with any base. Its p 
when UQcambined, may, however, be detected by otii 
thus, with copper and mercury, ruddy ^mes of mtr 
are emitted; with potassa, a neutral salt is formed, ' 
the properties of nitre ; and, with a drop of hydroehlorie 
added to the solution of a nitrate, the property of d 
gold is acquired, which free nitric acid does not possBBS. 
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.) Nitric acid b enipioyed as the solvent ofmetaU. 

netimes used tar famigation in casea of contagious dis- 
1 for this purpose, pounded nitre and strung sulpht 

sro heated together in a cup ; the fumes are less i 

g than those of chlorine gu. 

1 operating upon very 

I quantities of rart- 

ttsl tubes are employed 

etecdng the ingredients 

ooni|K)und. Several of 

\ should he constantly in 
, clean, and sup- 
a ijtand, as shown i 

le figure. Id applying a 

several appearances may 

ited; effervescence may be produced, and the ex 

I gas may be eKamined aa to its inflammability, odour, 
[ or a precipitate may be thrown down, and lliis may 
itndicd with reference to its colour, the rapidity with 
lih it sinks, ils solubility in other re-agents, &c. ; or there 
' be ainipiy a change of colour. 
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K What is nitrogen ? — 146. How may nitrogen be pro- 
>d?— 147. "What are ite propertieBp— 148. ^Vliat is the 
i^i\<aonoi atmospheric air f'-\ id. What is the icei^Af 
be atmosphere ? How may it be measured ? How does 
ary with elevation from the earth's surface ? — 150. Upon 
It causes does the temperature of the atmosphere depend f 
51. Describe the modes of analyzing atmospheric air. — 
. What proportion of carbonic acid does tlie atmosphere 
tain ? — 157, What is the most remarkable property of 
aua oxide f — 162. Describe the process of procuring nitric 
i, — 163. What are its 'chief properties F Wliat are the 
a produced by testing on the smuU scale. 




CHAPTER VIII. 



OF C&£BON. 



I 



164. General Rtmarks. — Carbon is a. . 

occurs under a variety of forins. By chemists, the teno 1 
employed to denote the pare matter of charcoal. 
crjBtaltized and pure state, it constitiitea tfae diainond-^ 
hardest and most brilliant body in nature. It enters n 
largely into the eomposition of -vegetable substance*, 
which it ma; be considered, more perhaps than any it 
prinidple, the fundamental element. It is found abundul 
in sjiimal bodies, in irhich its effects are conEudenl 
modified by the presence of nitrogen. It occurs also in gl 
quantities in the mineral kingdom, in which, in a dm 
pure state, it forms the basis of cca^ But it is found ml 
greater proportion in combination with OKjgen, in the ft 
of carboHic acid, which, combined with lime, coDBdni 
chalk and lime-stone, two of the most abundant minenti' 
nalore. A small portion of it, in the form of carboi^ M 
enters into the composition of almospheric air (p. 165.) C 
bon, in its elementary state, is an inert substance; btltV 
md hydrogen, it forms gaseous compounds of gn 
energy, and of most deleterious properties. Tfae ndl 
may be studied under tlie following heads :- 



5. Coke. 

6. Lamp-black. 

7. Gas-CarboK, 



1. Diamond. 

2. Graphite. 

8. Wood Charcoal. 
4. Animal Charcoal. 



a. COMPOUSDB OP CAABOH WITH OXTOKK. ^ 

1. Carbonic Acid. Q- Carbonic Oxide. ^ 



1 



1G3. The lariety of fornig under which carbon is found, 
wds a striking example of the effects which may be pro- 
ced hy diSerent aBsociations of piirticles of tlie same kind 

matter. ' In order to g\ye some idea of the prupordon 
which carbon esiats in different common substances, it 
y be observed, that a poimd of charcoal is equal to, and 
contained in rather mure tban, two pounds of sugar or 
Or, and eight of potatoes or limestone ; so tliat a moun- 
B of limestone contains the essential element of, at least, 

equal bulk, of potatoes, and of a forest which would 
iply covSr many such mountains.' (Proufs Bridgewaler 
tatist.j The principal forma under which carbon exists 
I diamond, graphite, vegetable and animal charcoal, coke, 
ip-blacfc, and gaa-carbon. 

166. Dioiiwiid. — The diamond is a gtm of crystalline 
ture ; its primary form is the octohedron. Lavoisier 
t proved the diamond to contain carbon, by concentrating 
I Btm*s rays upon it, by moans of a powerful lens, in a 
«el of oxygen gas ; the diamond was entirely consumed, 
fgea disappeared, and carbonic acid was formed. It has 
m since proved, by numerous experiments, that the dia- 
md is pure carbon, that charcoal is an oxide of carbon, 
1 that the product of the combustion of the diamond is 
ntical with that derived from different kinds of charcoal. ' 

close vessels, the diamond undergoes no change from the | 

st intense heat ; but, when heated to redness in the open 
, to about the melting point of silver, it is entirely con- 
ned. It is not acted upon by acids or alkalies. It is a 
i-conductor of electricity. Its specific gravity is a'520. 
e diamond nffonls an instance of the intrinsic worthless- 
iB of an object upon which the highest value is set. The | 

ebrated Regent Diamond, originally purchased hy Mr. 1 

t for £i0,400. and afterwards placed in the iiilt of Napo- J 

^isword, is now eaid to be valued at £^0,000. Yet .^^J 
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"' cahbonic acid. 

ert, aa in the process of making coal-gas. It is Terjfloii 
u* Its structure, and reaerablea charcoal made from wood. 
affords great heat by combustion, 

171. Lamp-Blach. — Lamp-black is the soot depositciJfnM 
oJ, resin, and other compounds containing carbon, » 
they are imperfectly consumed. A very pure charco»l 
be prepared from starch or sugar, and from the oil of W 
pentJne or spirit of wine, by passing their vapour Ihroq 
porcelMU tubes heated to redness. This variety of ' 
has not the attraction for org^iic mattera which 
charcoal possesses. 

172. Gas-Carbon. — Gas-Carbon resembles graphite, 
is produced by deposition of carbon from coal-gaa at »' 
temperature. Gas retorts are ft^qnentiy found lined 
this matter to a considerable thickness. 



173. Carbon snrpasses all bodies in its affinity for<qjl 
gen at a high temperalure. These elements combine, ri| 
form an acid and an oxide, in the following proportionril 



174. Carbmic Acid. — Carbonic acid was first deNiilii 
by Dr. Black under the name of fixed air. He diacovon 
it in limestone and magnesia, and fonnd that it couldl 
separated from these substances by heat or the uticntll 
acids. He also observed, that the same gas is formed diafl 
respiration, fermentation, and combustion. The air (tffl 
oriUnary expiration contains, on an average, 3-45 per M 
of carbonic acid, and the proportion varies from S"3 ttfJ 
per cent., being greatest at noon, and least during tbe inn 
Carbonic acid is also a product of the vinous ferments^ 
imparting an agreeable pungency to fermented liquors, wUI 



r 



VODE OP PBOCCaiMO CABBONIC ACID. 181 

ttale wlien deprivod of it by exposure to the air. 

combustion of carbonaceous fuel ia Htteuded with the 
QcUon of vast quantities of tliia gaa. Carbonic acid is 
contained in the eartb, and is discharged from volcanoes 
fissures tn tbeir neighbourhood. It issues directly from 
jarth in the Grotto del Cane in Italy, and at Fyrmont in 
itphalia. This gas accumulates at the bottom of woUs, 
ling a noxious and fatal atmosphere, called fay miners 
« damp. Many mineral springs, as those of Tunbridge, 
nont, and Carlsbad, are stranglj charged nich carbonic 
, In combination nith lime, it forms extensive masses 
ocbs, occurring in all countries, and in every geolo^cal 
Uition. It is always present, though in a small quantity, 
le atmosphere, at every elevation above the level of the 
fp. IGA). Carbonic acid is alsoaproducCof many natural 
'ations, as of the germination and vegetation of plants. 
n these and other sources, carboaic acid is continually 
ling around us in vast quantities ; but by some com- 
lating means it disappears as fast as it ia formed ; and 
■itmosphcre, wliich, without this adjustment, would soon 
ime impregnated with carbonic acid to a fatal extent, 
Ij contains traces of it. 

f5. Mode of procuring Carbonic Acid. — Tliere are se- 
1 irays of procuring carbonic acid. — 1. If charcoal be 
led ia oxygen gas, intense heat and light are produced, 
carbon unites with the oxygen, and carbonic acid gas u 
led. In the combustion of pure cariion, as of the dia- 
id, the oxygen undergoes no change of volume ; carbonic 
. gas contains, therefore, its own volume of oxygen. — 
L more convenient mode of procuring the acid is to pour 
a some carbonate of lime, as common limestone, marble, 
halk, an acid which has a greater affinity for the lime 
1 the carbonic aeid possesses. Hydrochloric acid, diluted 
1 two or three times its weight of water, takes the lime 
Q the carbonic acid, which escapes with effervescence, 

ma; be collected by means of the pneumatic trough, in 
mer already described (p. 137). The gas cannot 
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long retained over water, owing to its BolubOity il 
liquid ; it should, therefore, be collected over merourj. 

1 76. Properties of Carbonic Acid. — Carbonic add b 
elastic yas without colour or scent. Ila specific gravi^lj 
estimated at ISSl'l ; its combining measure is 3 Tolnmi 
Cold water absorbs rather more than an equal t 
this gas. "Water and other liquids may be charged iridll 
much greater quantity by mechanical pressure; the qnin^ 
of the gas absorbed Is in exact proportion to the co« 
force : water absorbs twice its volume when the p 
doubled, and three times its volume wlien the pi 
trebled. On removing the pressure, as when 
containing any aerated liquid is uncorked, the t 
acid gas escajjea with eftbrvescence. 
seuce of this gas that the agreeable acidulous taste of ^ 
beer, champagne, soda and other aerated waters, it O 
Water, when fully saturated with this gal, sparkleB ■ 
it is poured from one vessel into anollier. The solutiill 
communicates to Utmus paper a red stain, which ^i^tl 
pears on exposure to the air. On adding lime-water to fljt'] 
solution, a cloudy precipitate is formed, which is agllft^ 
dissolved by the carbonic acid ; but on addiug lime-T 
till the whole of the iree acid is neutraUzed, 
precipitate is formed of carbonate of lime. T 
the carbonic acid in a solution of water is expelled b 
ing. Boiled water becomes insipid, owing to the abs 
the carbonic acid and other gases, which had been absorM'l 
by it from the atmosphere. 

177. Carbonic acid does not support combustion : it M- . 
tinguishes the flame of all burning bodies. A lighted tapeiv, 
introduced into ajar of this gas, is immediately eitinguldie^ j 
The gas is bo heavy, that it may be poured, like a liqid^ I 
upon a lighted taper, with the same effect of extinguialAa';' 
it. The check upon combustion, produced by carbomo mUtI 
is not owing to the mere absence of oxygen ; for a candle irf(] 
not bum in a mixture of four measures of atmospherie rff ( 

of carbonic acid. Carbonic acid is incoin&iutriH%J 
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innot be made to miite with an additional portion of 
ygen. It is a compound, therefore, in which carbon is in 
highest degree of oxidiition. 

176, Carbonic acid is irrespirable : it is fatal to animal 
e^ wb«n inspired. No animal can live in an atmosphere 

vich contains safficifnl carbonic acid to extinguish a 
^ted candle ; hence, it is a usual practice to lower a 
^irnuig taper into a well or pit, l>efore descending into it ; 
flbe taper continue to burn, no danger b appreliended. 
^ die Grotto del Cane, the gas exhaled from the ground 
tnupies the lowest stratum of about IB inches, while the 
)pp» portions of the air are pure; for the iustruction of 
itnogera, a dog and a man are introduced into the cuvej 
lie dog dies, the man is unaffected. But the incautious 
shalation of the vapours of charcoal in close apartments, 
Ind in the large vessels of breweries and diatiUeries, has 
iffonled numerous examples of the fatal effects of carbonic 
icid upon man. It acts upon the animal system like a nar- 
ntic poison. Carbonic acid may exist in the atmosphere in 
nifficient quantity to produce insensibUity, without bein^ 
nfficient to extinguish flame. 

179. The presence of carbonic acid ia tented by means of 
Umt-icateT. The lime combines with the acid, forming car- 
bonate of lime, which renders the solution turbid, and forms 
\ white flaky precipitate. Lime-water is frequently em- 
j^yed to remove carbonic acid from gaseous mixtures 
irhioh contain it. 

180. Carbonic add gas has been condensed into a limpid 
colourless liquid, under a pressure of thirty-sis atmo- 
ipheres (p. IHS, note) at 32" F. Thilorier lately discovered 
that at — 148°?,, carbonic add becomes soiirf, and remains in 
this condition for some minutes, even when exposed to the 
air, without compression. Its elasticity, which in a liquid 
state is so great as to produce an explosion equal to that of 
the same weight of gunpowder, is destroyed by solidiflcation, 
and the new solid ia gradually dissipated by evaporation. 
Another curious fact is, that tlus gas is soiitiifitd by its sad- 
denly passing from the li(juid to the gaseous stale; the near 



feei 

Br«I>pra 



WOOLPE'B APFARATl'S. 



«I)praacli of its molecules, which renders it soliil, brnfl^ 
c&used by the expansion of a liquid which occapies ill 
taneously a spacefour hundred times greater thim it: 
Toluoie. If a jet of liquid carbonic acid be directed iBtoilv 
small glass vial, tliis becomea rapidly and almost I'Dtirelf DMltl 
with a white flocculent powdery substance, which u 
so strongly to tlie glass that it cannot be removed iiitfanll|i 
breaking the bottle, A fragment of solid carbonic i^E 
slightly touched by the finger, glides ra.pidly over a pollaU ■ 
surface, asif it were raised by the gaseous aLmospherevlMrl 
constantly surroirnds it, until it entirely disappears. Ifl 
,4iaall quantity of this substance be introduced into a mull 
C^lUik, hermelicaily stopped, the interior becomes filled v^« 
B^ick vapour, and the stopper is violently expelled. Solid 
K,e>rbonic acid is complel«ly evaporated, and only rti^t 
slight humidity remains, which roust he attributed to Al 
action of the sir on a very cold body, of which the 
turc is below that at which mercury freezes. Its abunduw 
and the promptitude with which it is produced in csvitin 
where neither air nor watery vapour, held in it, 
trate. are characters which cannot be mistaken. — GouKt 
Med. No. 43. 

181. Woolfe's Apparatus. — It is sometimes desirable to 
imprecate water, for medicinal purposes, vtith carbonic add. 

A saturated solution of this gas may he made by trananutling 

a stream of it through a vessel of 

cold water during the space of half 

an hour. This operation may he 

conveniently performed by means 

of what is called Woolfe's Appa- 
ratus. This, in its simplest form, 

consiaU of three bottles, mounted, 

with tubes, as represented in the 

figure, in a mahogany tray. The 

bottles are half filled with water. 

The vapour from a receiver or a re- 
tort is conveyed iolo the first bottle; 

that portion of it which is not com 




n the water of thi* I 
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[, passes on by the bent tube into the secnnd; a^j 
this, if requireil, into the third ; the portion of |»g 

b is not absorbed by the last, is conveyed by a ear^^d 
ito an inverted jar placed in a pneumatic trough, as ia 
lowing figure. Besides the bent tube, each bottle ia 

fed with a safety tube, the lower extremity of Which 



beneath the surface of the v 



while the 



*ipper 



with the atmosphere, Tlie object of this tube 
iprevont the fluid being forced backward into the re- 
r retort by pressure of the atmoajibere, in cases of 
absorption ; for it frequently happens in chemical 
!S, from the irregularity of the heat, or other eircuin- 
that the condensation is more rapid in proportion to 
fplyof vapour at some period of the operation than at 
In such cases, air is supplied by means of the 
|tnbe. Instead of this, a curved Welter's tube is now 
By employed, as more convenient. In the subjoined 
"which represents a useful modification of this appa- 
a is the recoirer placed on a wreath of straw ; c 




"Woolfe'a bottles ; j? 3 jar inverted in a mercuriat ' 
[f. Each bottle is furnished with a "Welter's tube, 
tubes water is poured, till the balls b, e, are half 
When absorption takes place, the water rises in the 
the tube, and then the air rushes 



D the other liaod. 






ne the pressure of a high column c 

iicular tube. In this apparatus, the vapour ia coa. _ 



1S6 



bottle 



in the receirer, and the 



gas fiBS&es o 



*s ; the portion al gas which is not absorbed I 
j^ •condensed at its exit from the Iwt bottle, is com 
^ jar standing in the mercurial trough. 
f 1 .■ -^""'A's Apparatus. — Another apparatus, ' 
" "'""^b Water may be impregnated with carhonii 
that contrived by Dr. Nooth. It consists of three j 
»«ls, as represented io the figure. 1. The loj 
has an opening at b, which is fumbhed 
with a ground 8topj>cr. 2. The middle 
vesBel B is open at both ends ; the lower 
end is fitted by grinding to the neclc of a, 
and is furnished with a valve at a, so con- 
structed that it admits the ascent of gas 
from A, but prevents the descent of liquid 
from B ; this middle vessel is also pro- 
vided with a stop-cock D, by which its 
contents may he drawn off. 3. The upper- 
most vessel c ia fitted by grinding into 
the upper neck of the middle vessel ; its 
lower part is lengthened into a tube which 
passes almost as low as to the centre of 
the middle vessel; its upper orifice is 
closed by a ground stopper. "When 
this apparatus is to Ite used, some pow- 
dered marble or chalk is introduced pf 
into the lowest vessel, and dilute sulphuric acid pc 
the opening, which is then closed. The middl 
filled with pure water, and fised in its place. 1 
most vessel is stopped, and also fixed in ita plac 
veseeoce takes place in the lowest vessel, from 
gagement of carbonic acid. This gaa passes tl 
valve at a, ascends into the upper part of the aui 
and forces part of the water up tlie tube into the 
vessel. In this vessel, the air is compressed, 
escapes hy the stopper, wliich, being of a conic 
ly raised. As more carbonic acid is gener 
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water rises, till at length the water in the middJo vessel falls 
»eIow tlie lower orifice of the tube. The gas then passes 
lirough this tube into the uppermost vessel, and expels 
■dore of the common air by raising the stopper. By this 
Deans, the water in both vessels, being in contact with a 
•ocly of carbonic acid, becomes strongly impregnated with 
Us gas after a certain time. This elfect may be hastened, 
'y taking off the middle and uppermost vessels together, 
od agitating their contents. The impregnati-d water may 
ien be drawn off by means of the stop-poclt. 

1S3. Carbonic Oxide.~lt has been stated that carbonic 
2id gas (consists of two equivalents of oxygen and one of 
Lrbon. If a stream of this gas be transmitted over frag- 
iCDts of red-hot charcoal contained in au iron or porcelain 
U>e, one equivalent of the oxygen is liberated, and the 
smainder is a compound of one equivalent of oxygen and 
oiB of carbon. This is carbonic oxide. It may be procured 
]r various other substances, which deprive carbonic acid, at 

red beat, of half of its oxygen. Thus, if two parts of 
'ell-drled chalk, a compound of carbonic aeid and lime, and 
OB of pure iron filings, be mixed tog'ether, and exposed in a 
un-barrel to a red heat, a quantity of gaseous matter is 
rolved, which may be collected over water. This matter 
Dnaista of carbonic acid and carbonic oxide ; by washing 
lie mixed gases with lime-water, the acid is absorbed, and 
he oxide is left in a state of purity. In this operation, the 
arbonic acid of the chalk ia converted into carbonic oxide 
ly yielding oxygen to the iron filings, which thus become an 

184. Properties of Carbonic Oxide. — Carbonic oxide is a 
loloorless ffas. It possesses no acid properties; nor does it 
»mlnne, lilie carbonic acid, with the allialiea. It is not 
nore soluble in water than atmospheric air, nor has it ever 
wen liqueBed. Carbonic oxide is inflanunable : it is in- 
lamed by a lighted taper, though the flame of a taper im- I 
Deraed jait isextinguishedi the product of its combiution is J 
j^^mic acid. A mixture of carbonic oxide and oxygeo gW^^^J 
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may be made to explode by Home, by a red-hot solid bodj, 
or by the electric spark. Carbonic oxide is irrespirablc; 
when imipired, it acts on the system as a [KiisOQ. Mi, 
Witter states that, on making three or fonr hearty inspira- 
tions of this gas, after liaving- exhausted the lupgs of com- 
mon air as much as possible, the effect was an inconceivablj 
sudden deprivatiou of sense and volition ; he fell tnotionleas 
on the floor. 

185. Besides the compounds aboTe described, carbon 
and oxygen form another compound, called oxalic add, 
which will be noticed under the department of Organic 
Chemistri/. 
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164. In what forma does Carbon occur in Nature!— I 
166. How may the composition of the diamond be protedf I 
— 166. How is Charcoal procured from Wood* WhatHtf 
the properties of Wood Charcoal 1—169. What is Animd 
Charcoalf For what purposes is it usedP— 174, In whit 
forms does Carbonic acid occur in nature P— 173. Howm^T 
Carbonic Acid be procured? — 170. Wliat property i« sC- 
quired by liquids, when charged with Carbonic Acid ? — ^177. j 
What are the properties of Carbonic Acid, with reference te' 
eombusliont — 178. What, with reference to respiration T-' i 
179. How is its presence tested* — 180. By what means atj i 
ithe liguc^ed f — aodsoiirfiSerf.*— 181. Explain the prindpta- i 
of Wool/e's Apparatus.— IS2. B^iplain ]Vooth' a Apparatnti 
—183. What is Carboaic Oxide .»— 184. What are its po-" , 
pertiesP 



CHAPTER IX. 



ISe. General Remarks. — Sulphur is one of llie few sub- 
itanees which exist naturally in an elementary iitate. It 
xwnrs in great quantities in the miueril kingdom : it is ex- 
laled from volcanoes in a pure state, or in combination with 
ijdrogeo, in which state it forms a rery deleterious gaseous 
lompound, caEed sulphureled hydrogen ; it condenses in 
bsnres In the neighbourhood of volcanoes, and is there 
mad in a massive state, constituting' sulphur veins, irom 
'hich the principal part of the sulphur of commerce is 
btained. Sulpbnr is found in great abnndance in combi- 
ation with several metals, as iron, lead, copper, silver, 
atimony, and zinc; and it may be procured in large quan- 
ities, by exposing the iron ore, called iroa pj/riles, to a red 
eat in close vessels. Sulphur is also found, in a greater or 
JEB proportion, in most animal, and in many vegetable, 
iroducts ; a small quantity is always found associated with 
Ibnmec, in the li([uid stale in the egg, in the solid state in 

187. Preparation of Sulphur. — In order to obtain sulphur 
n a pure state, it must be athlimed (p. 127) in a Teasel 
ailed an alembic. This apparatus 
consists of a body 6, to whiuh is fitted 
1 head a of a conical shape, having 
ta base depressed lower than the neck 
)f the body, so that the vapours which 
^se, and condense upon its sides, run 
lown into the circular channel formed 
»y its depressed part, and are ihence 
toBveyed by the nose or beak into a 
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receiver. The sulphur ii put into the lower part b. The 
aleinbic ia then placed in a, vessel of sand, called a land' 
bath, and this is heated b; a. furnace. By means of liu 
Hand-hath, the sulphur is fused more gradually and equablj, 
than by placing it directly over o fire. When sufficientl; 
heated, the sniphurrises in the form of a thick, -white Tapour, 
and condenses on the sides of the head in the form of abN 
yellow crystalline powder, commonly called ,^uiers of ml- 
pkur: Irom the minutetiees of its particles it is sometinet 
called ^our of sulphur. On washing this substance HYenl 
times with water, pure sulphur is obtained. 

188. Properties of Su/pAar. — Sulphur, in its Nnqdt 
state, is a solid body, of a yellow colour, without testa « 
smell, but emitting a peculiar odour when rubbed. It ii 
remarkably brittle ; a roll of it, held in the hand, freqnentJj 
brealis with a crackling sound. It is a o on- conductor .rf 
electricity, and is excited negatively by friction. It fiudsri 
226°, and between this temperature and 280° it forms aelfit 
liquid of an amber colour. When melted and thrown att 
cylindrical moulds, it forms the roll sulphur of comma*, 
At near 320° it begins to thicken, and acquires a reddiab 
tint; and, between 428° and 482°, it becomes so thick ihit 
the containing vessel may be inverted witliout the suljdiu 
running out. From 482° to its boiling point, it again t»' 
comes liquid, though not to the same extent as at 24S'. 
When heated to 423°, and poured into cold water, it acquitu 
the consistency of softened sealing-wax, and is used EiT 
taking impressions from seals. Sulphur ia exceedingly toIi^ 
tile ; it begioH to evaporate before it is completely faiai. 
At about 6O0", it volatilizes rapidly, and its vapour condeuN 
ia close vessels in the form of the crystalline jfi/wcrs of ml- 
phur, above described. 

1S9. Sulphur which has been fused has a tendency to 
n cooling : the centre of a common roll of sul- 
phur exhibits the crystalline arrangement. In order to pro- 
lulphur in this slate, some of it is melted in a sConewBM 
tficibU (soefig-iS), and allowed to cool till it beg'iDs toao- , 
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Hdify; the crust which fomiB over it ia then broken, and the 
Uquid portion poured out ; on breaking the solid mass vhicb 
Temains, when qnite coiil, it is fuunit to be lined 
witli fine crystals. Sulphur ia dimorphous 
(p. 133) : in passing from a slate oljtieion to a 
Ugh temperature, its form is a secondary modi- 
fication of an oblique prism with a rbomboidal 
base ; but, after being dimohed in sulphuret of 
carbon at a lower temperature, it is deposited in 
the form of an elongated octobedron with a ''*■ "*■ 
Aomboidal base; the latter is the form of crystal found in 
native sulphur and in the flowers uf sulphur. 

190. Sulphur is inflammable. "When heated ia the open 
, nr to 300°, it is inflamed, and burns with a ])ale-blue light. 

Xn oxygen gas, its combustion is much more vivid, and its 
Same is of a much lighter colour. Even at ISIO" it bums, 
but its combustion is so feeble that the quantity existing in 
gunpowder may be all consumed without explosion ; this 
may be eSected by spreading out the gunpowder on a hot 
tOe. In these cases, the sulphur combines with oxygen, 
uid emits copious fumes, consisting of sulphurous acid. 
Owing to its power of exhausting the oxygen of a confined 
portioa of air by its combustion, and to the negative in- 
fluence which sulphurous acid exerts upon the combustion 
of other bodies, sulphur is sometimes employed to ex- 
tinguish combustion, as when a handful of lump sulphur is 
dropped into a burning chimney for tha purpose of extin- 
guishing the combustion. 

191. Sulphurous Acid.—Vniea sulphur is burned in com- 
mon air or in oxygen gaa, the combustion is attended by tae 
formation of fumes, which consist of sulphurous acid. This 

- compound consists of I equiv. of sulphur, and 2 of oxygen. 
For the purposes of experiment, pure sulphurous acid may 
be procured by heating three parts of oil of vitriol and two 
parts of mercury in a glass retort, and collecting the gas 
orer mercury, as water would absorb it. The object, in 
this mode of preparation, is to deprive the oil of vitriol of 
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one o«)uivaK'iit of its oxygen ; the metal employed for 
pur|Hi«o iUH*i)iii])oset) a portion of the oil of vitriol, com! 
with )virt i>f its oxygen, and separates sulphurous i 
whilo I ho oxiilatctl niotal unites, at the moment of its 
uut'Utn. wi(h u portion of undecomposed oil of vitrioL Tl 
Hul'^*!r.ir i> IniriKHl in oxygen, this gas undergoes no du 
.*;* >u'A ; hi'iu'o. sulphurous acid always contains its 

* •'^. r- ,;•*•::«'# rf Sulphurous Add. — Pure sulphui 

u'vi. j: :' .' vv*".t:::on temperature and pressure, is a tn 

•x*.-.?. .'■■■. .:-\'^s i:.is, and is distinguished from all ol 

,v^\-..% \ I.- s*N >\ ::s •(•untront sutlbeating odoiu:. It is 

X.- '.rx. ■ ,-. i:-,: o\:::\*uishos the flame of all huir 

N.V.VX ^ • . • ..-».• ■■ ■••.vcrsetl in it. It is fatal to animal i 

.t>- .rx • .1* ■.■■■.v'.-.:!cd state: and. even vriien dilu 

•"•*•-•■ ■ 1 - ■ ■•-*-•■ v.uvs covi-h ar.d ur. easiness in 

.'^ >.- ■.-..> '.:::, >i5 rtir.arkaVle :-.'c -.rt '. ■ :7 pro] 

^ •■ . ^ ■ .> -/ycr. .1",: :r.c- Vlo^/r.?* ::: i: 

« - • B * • 

■^ - .^^«^, .-».., ^— .. J, .^. .■_■- 
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2\6 LIGHT CABBUBETED HTDBOGEIT. 

from the Jired alkalies^ potash and soda, which are 
the ashes of inland and marine plants, respectivelj. 
absorbs several hundred times its bulk of this gas : a 
of ice. introduced into ajar of ammonia, is instantly! 
fied, and the gas disappears in a few seconds. The 
trated solution of ammonia, formed by transmitting tbej 
into distilled water so long as it continues to be al 
is well known as the pungent liquid called spirit of 
horn. Inking generally prepared from the boms of 
and other animal matters; it is also called liquor, or aquai 
muHit£ : and incorrectly, liquid ammonia. Under a pi 
equal to i>'o atmospheres (p. 168, note), and at the temp0* 
ture of ji>\ ammonia is condensed into a transparent colotf* 
less liquid : on removing the pressure, it again expands flj 
assumes the gaseous state. Ammonia, in a pure state, b 
irres]«irable. It extinguishes the flame of burning bodlfl^ 
and is itself inflammable in a ver}' low degree. The pn* 
soni*o of free ammonia may always be detected by its pA" 
jrent mluur. by its transient action on yellow turmeric pipffi 
by the doiiso white fumes which it forms when a glass rot 
in« listened with hydrochloric acid, is brought near it, andlij 
its foniiing a deep blue solution with salts of copper. 

II. HYDROGEN AND CARBON. 

'2'2'2. Litjlif Carbureted Hi/drofjen. — This gas, fire 
quontly torniod heavi/ inflammable air, marsh -gas^ zuAJiJt' 
da/tiji, mav W ri'adilv procured bv stirring the mud at the 
bottom t»t" staiTiiant pools, and collecting the gas, as it 
esoapos upwards, in an inverted glass vessel. In tliis state 
it contains j per cent, of carbonic acid gas, which may be 
removed by moans of lime-water; and nearly the same pro- 
portion of nitrogen. Light carbureted liydrogen often 
accumulates in coal-mines, where, through defective venti- 
lation, it gradually mingles with atmospheric air, and forms 
a mixture vrhich explodes by the contact of flame. Light 
carburi^teil hydrogen consists of 1 vol. of carbon vapour 
{^\\ -J-JA, nolo), and 2 vols, of hydrogen ; but its combining 
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Sii. Tk^ primeifih iqmik wAieA win^gauze p> 
i;iw— WMinihfiin o/jkamty may be reidily ezplaineil 
k fiMiNtt flutter hiMtod so intenaely at to beeomf^ 
on*; and Dvrw fbimd tiliaft this degree of heat, is 
cban Ibat of eolid bodies heated to whiteness, ^'•v 
seteb are rapid coodnctors of heat; -when the ilame 
tesw eoosea in contact with the wire game, its temiN 
ia so vedttced by tibe eondnetiiig power of the meui. 
although dM gas pasees freely throiigh.tte interstu:! 
ia still inarr hot» it i» not soflfcieiitly so to become Im.. 
That wif«<^uze does completely intoeept the 
a bunuD^ body, may be proved by the fbllowiii^ 
oxperiufteitts. I. If a piei;« of diick iron or brsfla 
wm be beM mco a little riiur, as re pre se n ted in 
the %«K» UKd dib rin^c be gnuinally lowered OTer 
the tbuw «Mf a caudle until it surTomMi8 the wick, 
the tlanse ^iU be eaLttn;cttish«d« owing to the \>. 
UiKiin^ Ai^a,^ tile beat with such rapidity, that tiic 
iiMtU'v > .■•XNt\i ".vlow t'w :em;»enirjre necessan »^ 
C. ll* A •.•ievx* ,'i ^--re-^u.:e be placed over the l« 
uai^ 4fr Uk ;:>» >uv>'Viueu -icure A. the band mav . 
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pipe be fitted to its neck, the gas nay be mflamud as it 
BScapeB. If a piece of wire-gauze be held over the flame, 
ns at A, the flame will be flattened, but ■will not pass 
klu-augh the gauze. If, on the other baud, the gas be in- 
fiamed above the gaaze, as at B, it will bum freely, but 
the flame will not be communieated through the gauze to 
the conteotH of the pipe. 4. The same principle has already 
lieen illustrated in the apparatus of the oxt/ -hydrogen blow- 
jtipe (p. isa). 5. It is also found that the flame of coal-gas 
18 incapable of passing through a sheet of wire-gauze, von- 
tuning not fewer thirn 400 holes in the square inch. 

225. Coal and Oil Gases. — These gases are procured from 
coal and oil, by heating them to redness in an iron retort. 
The ilbiminating power of a gas is in proportion to the quau- 
Uty of carbon it contains. Thus, the flame of pure hydrogen 
affords a yery feeble light ; when combined with one propor- 
tion of carbon, in the form of light carbureted hydrogai, its 
light is greatly increased ; and, when combined with another 
proportion of carbon, in the form of olejiant gas, it affords a 
brilliant and intensely luminous flame. It is also found that, 
the greater the density of the gas, the richer it is in carbon, 
and the more brilliant, consequently, will be its flame. The 
comparatiTB illuminating powers of gases may, therefore, be 
estimated, by determining the relative quantities of the 
denser carburets of hydrogen which enter into their compo- 
sition. Coal-gas contains leas of the heavy carburets of 
hydrogen than oi7-^a«, and has, therefore, feebler illuminat- 
ing powers. Oil consialB principally of carbon and hydro- 
gen, and therefore yields a gaseous product of comparative 
purity. Coal, on the other hand, contains a large quantity 
of oxygen and nitrogen, and hence, besides the heavy car- 
burets of hydrogen, numerous compounds are formed, which 
are not only useless, hut positively prejudicial to illumination. 

226. Stnictare of Flame. — It has been already observed 
that^ame is gaseous matter heated so intensely as to become 
luminous. Hence, Lhe more completely tlie gaseous matter 
is consumed, the more intense and perfect will be its light. 
This will be readily understood from cotisidering the struc- 
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ture of flame. Tlie flame of a spirit lamp, of a candle, or ot 
a gas jet, eonsisU of three parts, or cooes, as re- 
presented in the adjoining figure. I . The inner- / Ur 
most part, a, is a hollow cone, and consists of the , ^^ 
comhustible material in a state of vapour. 2. The 
intermediate part, S, is the luminous portion of i| /' 
the flame. The combustion of the materials is, \l[ 
however, not complete in this part, the supply of ^' 
air heing insufticienl for that purpose ; it is the 
hydrogen principally which bums, the carbon 
being separated in solid particles, which are heated 
white hot from the combustion of the gas, and ^ve the In- I 
minousnesB to the flame; hence, Davy described Immnoui J 
flame as always containing solid matter heated to whifeaettjM 
This part oE the flame, possessing an excess of combustaiBiJ 
matter at a high temperature, is a powerful agent in renm* 1 
ing oxygen from metallic oxides, and reducing them to thor 1 
metallic state. Hence this portion is called the efeortduuy i 
Jlame. 3. In the extemalcone, c, thedeposiledcarbonmeett ' 
with oxygen from the surrounding atmosphere, and is en- 
tirely consumed. The greatest heat of the flame is fomid 
■witfain this cone, near the point of 6. The outermost part 
of the flame, being mixed abundantly with the oxygen of ih* 
»ir at a high temperature, is the proper part for kindling ■ 
combustible, and is eaUed the oxidizing Jla-me. Its pw- 
perties are the reverse of those of the intermediate cone. 
Recording to the above iiccount, a represents a cone of] 
^aporiied combustible ; b, the sphere of partial combm- 1 
jjon i and c, the sphere of complete combustion. — GraAam'ti 
(^/tetnistrg, p, 424. j 

227. Argand Burner. — In (he Argand burner, ■viach i» 
g_ lamp with a circular wide, and named from il 
j^nlplete combustion is promoted, by allowing 
^l,e air to enter freely icit/iin, as well as on the 
outside of the inflammable matter. A result of \. 
themreumBtanceB which determine the qnantity 
of light from different flames, is, that the larger 
K the flame tUl it begins to he smoky, the greater 




jaeasure and equivalent are unknown. It is a taatelesa, 
hud nearly sceQClesa gas ; it is irrespirablc, and it extin- 
^uishes the Same of all buruing bodies ; it is iiighly inflam- 
3iable, and bums with a strong yellow Same. It has no 
effect upon litmus or turmeric paper. 

22S. Safety Lamp. — The accidents, formerly so frequent 
EUid so fatal in coal mines, arising from explosions of light 
oarbiireted hydrogen, led to the invention of the Sa/etif 
Jt-aaip. Davy found that the inflammable gas would not 
wxplode, if mixed with less than 6, or with more than 14 
times its voliirae of atmospheric air; that neither red-hot 
iron nor red-hot charcoal was capable of exploding it; that 
the explosive mixture could not be flred in tubes of I-?"* 
of an inch in diameter ; and that metallic tubes prevented 
explosion better than tubes of glass. U[Jon tliese principles 
he constructed the Safety Lamp, a figure of which is repre- 
sented in the margin. A piece of fine iv 
gaiLce may he regarded as an assemblage of 
short narrow tubes, which are im|)ermeable lo 
flame; consequently, a lighted lamp, com- 
pletely surrounded by a cage of wire-gauze, 
may be introduced into the explosive atmo- 
sphere, without fear of kindling it. Further , 
than this, the safety lamp indicates to 
miner the precise moment of danger. When | 
carried into au atmosphere of light carbureted , 
hydrogen, the flame of the lamp begins to ei 
large ; and the mixture, if highly explosiv 
takes fire as soon as it has passed through the 
wire-gauze, and hums on its inner surface, 
while the flame of the lamp itself is extin- 
guished, This is the signal for the miner to 
withdraw; for, although the flame should not Fig.ei. 
be able to communicate with the explosive atmosphere snr- 
roimding the outside of the lamp, so long as the texture of 
the gauie remains entire, yt^ the iieat evoked during the 
^mbustion uiithin is so great, that, in a few minutes, the 
e would undergo oxidation and fall tu pieces. 
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•ft iVBOffil of die 
to nSmd fife: fairde pefkh 
1-ldOO^, a dog in air corn 
I..dO0»» i^ahoff9eiaaircaBtaiiiii«1.250^, of its 
of this gaa. Snlphiirctad hjdrqgen eztiiigiiishes flune^ 
k tcielf higUf combiistihle, bmrnqg with a pale-bine flm 
ifii dw h u i it ii m is attended hj die fermation of water 
antphnioaa acid, aod Ae d qwiaiti oB of enlphnr. 

wBmien coiitain dds gas^ but its proportioii u 
than 1^ percent, of their Tidnme. 
SaO. Test for MeimU. — Snlphnreted hydrogen is a wji 
^abiable teti Jhr waetaU. The method employed for dii 
purpose is Terr simple, and is illiistrated in the adjoiiiiig 
tignre. The materials tor forming 
the gras may be introduced into a 
dask, furnished with a bent tnbe ; 
the metal to be tested is dissoWed 
by means of nitric acid, and the 
solution placed in a glass. The tube 
is dipped into the glass, and the gas 
passes into the solution. If the 
metal be lead, the solution becomes 
biack ; if arsenic, yellow ; if anti- 
mony, red; if zinc, white. Sul- 
phureted hydrogen blackens solu- 
tions of many metals besides lead; JTig.cr. 
but these may be distinguished from each other by Yirioai 
tests. Sulphureted hydrogen is a re-agent of frequent ap- 
plication, and is of considerable importance. A solutioD d 
sulphureted hydrogen in water may be often advantageooilf 
used for tesdng metals, instead of the gas itself. 
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334. Ain^^MrM^ Cv4m.— SWftar ud «HbM may 
tm>de to wmMat hj truunitd^ itM nposr of Mit|)uar 

piee«9 of chanwal arc |j>Md in u eai^m Ittbe of about u 
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indi and a half in diimetcr. To one end of this carthnn 
tabe u adapted a glass tube filled with imal\ {ikcoa of suU 
phur, nbicb may bo pushed forward by means of a win 

passing air-tight through a cork. To the other end of th« 
earthen tube is fixed a bent tube of glass, wliich teiminatea 
below the snrface of some water ountaiaed in a bottle. Tli« 
earthen tube is then inclined across the flame of a challnff 
dish, until it becomes rad-hot, nbeu the sulphur iniiht bo 
pushed forward and brought in contact with tlie ignited 
charcoal. Bubbles of gas immediately escape under tlie 
water in the bottle, and a vapour appears, -nhich will Min- 
dense under the water into a liquid. Tliia is himlphurei qf 
tarbon, mixed with water, which may be separated (h)m It 
b; distillation in a retort containing a little clitoridu uf 
calcium, a substance which absorbs water very rapidly. 
Biiulphuret of carbon is very inHamraable, and kindles In 
the open air at a temperature scarcely above that at which 
mercury boils. With oxygen gas, it forms an exploitive 
exceedingly volatile, and may hence be 
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md amoag tbe metals. Gold, for instance, is upwardi of 
' thnea, and platinum nearly 21 times, heavier than an 
^nal bulk of water. But density is not an essential cba- 
I'lUter of metals : potasBium and sodium are so light as to 
it upon the surface of water. Some metals become denser 
being hammered, their particles being brought together 

tuanently hy the operation. 
1 239. Crystalline Texture. — Many of the metals are capa- 
K of assuming' crystalline forms, which are, generally, those 
t the cube and the nctohedron. The facility of procuring 
~"ic crystals is proportionate to the lownesa of the tempe- 
st which a metal fuses : hbmuth conducts heat less 
srfectly.than other metals, and therefore yields crystals most 
idily. The mode of procuring metallic crystals is the 
B that described at p. 190 for procuring crystals of 
iflphnr. The texture of iron is fibrous ; that of linc, bis- 
■ muth, and antimony, lamellated, or in minute plates. 

840. Malleability. — Many of the metals are capable of 
klxdng estended into thin plates or leaves under the hammer, 
e termed malleable metals. This pr(ii>erty depends 
1 high degree of tenacity connected with a certain 
of toflness. Gold is the most malleable of the 
: a grain of gold may be extended so as to cover 50 
e inches of surface, and to have a thickness not eX' 
aiOSO"" of an inch ; it may thus present two 
Llions of visible points. Zinc is malleable in the highest 
B between 300° and 400°; and iron at a temperature 
ading that of a red heat. Some metals are either very 
Ightlj malleable, or, like antimony, arsenic, and bismuth, 
illy brittle. Metals which have become brittle, either 
P consequence of fusion, or of long- continued hammering, 
B again rendered malleable by annealing — the process of 
lating a metallic body, and allowing it to cool in a mode- 
B temperature. A few of the malleable metals can be 
Ylt^ded, or portions of them joined together by hammering. 
Iron and platinum may be welded together at a bright-red 
beat, and fragments of potassium may be made to adhere 
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n 1 medioDei sometimes 

Wlfagfcra Bj |B«. ' M Td&wn itt sulphuret. This ore, forma^j 
fftiil tlAimm. was Ic^n^aided as themcCal itself, andr" 
-, or cmiii tmtimony, while the pure mf 

' On heating the sulphnKtl 
e widi h»lf its weigrht of iron filing* ' 
n^bmrct of iran is fannied, and metallic aatimony 
ntcid. Aatinumtj ic a white, briitle metal, of coasidersUt 
lutze. At 797* it fusts, and, on cooling, acquires a lugb^< 
UiadUted tezturp, and somrthnes yields crystals. It ~ 
in air at > red beat, with the production of copiona f 
vUd condeose on cool suT&-e», frequentljr in the form rf 
9 of »li-erv whiteness, formerly called 
» ef aatimonii ; they are the oxide of anti- 

9Ca. Glattt Liver, and Crocus of Antimon]/. — These an 
^Kftaifykmrtts of aniimony, and are used in phannacentical 
prepacatioDS. Ttiey are made by roasting the native ml- 
phnrat, M as to fonn sulphurous acid and oxide of 
«itd Atea litre^iing the oxide together with undecom; 
ors, by means of heat. The product will, of com 
aocordiog as more or less of the sulphuret escapes 
during the prtxress. 

303. Ktn»es Slineral ; Golrlen Sulphuret. — When «d- 
phoietof antimuny is boiled in a solution of potassa or sodi, 
» liquid is formed, from which, oa cooling, an orange-red 
cnbstance is deposited, called kermes Mineral. On adi 
iJilDte sulphoric acid to the remaioing liquid, a substance 
pMcijutated, called golden salpkurtt, which contains 
^phur than hermes mineral, and no potassa. 

The term rrfiuliu w»s originally applied bi? the alche 
metaU'^ raalters nbea ^rpsrated from otiier sutHlances by funiB: 4 
it orighiated in theit eipectation of nlwajs finding gold, tiiekag rf; 
^eti&, at the bollom of liieir crucibles, after fusion. The lenn <« 
,f^er«a^ds applied lo ibe metal eilracled from tbe ores of some «l 
tbe melaU, wiiich formerly bore tbe name which is now pren W', 
ihoM (OfltalB themselves I hence, regnlus of andmony — of iriMiiniJ 
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^ilow-Pipe.—Thefusil/iiilff of metuU is ascer- 
raeans of an instrument called a blow-pipe. Every 
e most violent heat of n furnace may be produced 
t« of a candle or lamp, directed upon a small por- 
aetal liy this moans. This instrument consists of 
8s tube ofabout one-eigbthof an inch in diameter 
I, and tapering at the other end to a much smaller 
. to admit the escape of a very line jet of air. For 
jurpoiea, the tube is enlarged gradually, as shown 




igure ahoie, to admit of the acennmlation of a 
lantity of the breath. The substance to he 8ub- 
I the action of the blow-pipe, must be placed upon 
f charcoal, or in a small spoon of platinum, gold, 
. When a large flame is required, a lamp with a 
ik must be employed, and the air supplied by means 
WB, In the manner adopted by workers in glass, 
tense heat is re([uired, the osy-liydrogeu blow-pipo 

is used. The blow-pipe is chiefly employed to 
I whether a substance he fusible per se i whether it 
e by heating it with a flux or re-agent ; whether it 

volatile matter by heat ; whether a metallic oride 
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bgr ywiinff Ihpiii together by the hand at the ordinaj' 

pmNn of tltc ur. 

MK i^Hrfi/'Vy— Most of the mallcahle metals adn 
bitag drawu out into wire, and arc called ductile w 
He duclUilj of metala u, however, not always 
to thmr maUeability ; iron, for instance, may be drawn 
Tprj- tine wire, but it cannot be beaten into yery thin Iw 
Wollaslon formed a gold wire so thin as to be only 1-500^ 
»f an inch in diameter ; 550 feet of it weighed only 
^tnun ; as ouneo uf It would extend SAy miles. He >^ 
Kbtaincd a wire of platiniun of not more than l-3O,000*'ii 
an iuvh in diantcler. 

m. TtHMrity. — TTie tenacity of different metals iidftf" 
uu(K>d bv ucrrtaining the weight which a vii« of a tviW 
lUck.iMes van subpart without breaking. This prop^ 
^pptM* Iw ^ hij$h«»t in iron, and lowest in lad. 'f' 
iMm.'ij^ of UilFrKwt metals is shown in the foUowiM i^ 
biiU«bUM>lMM«ter<d' each wire is the O-TST^ofthBr." 
bvN <■ itw ^iupports a weight of iM9'£5 Bo. 

Sitvwt IST-IST 

IjbaU .... 15m5S 

T^ . U-S3 

Voi xrcu 

It W IXMt AmlmI thai '.tetMMcitTof irbEsaritaa,oqpit 
Wi bHM. IB nuKtl iaii>*iiwl bv «MMafi*7 1 ' 

M». AuAtAty.— I'tkf hmbIs, widt the mqM^ ifHB^ 
toy, Mv *iU -lu^ HI !^- t«(up<iraRtre of the air: htf A9 
(MijaUlw l»^t-.ii~Lv ^K*!. TSodegmalwUeht^^in, 
Otrt»i»*w*»£-;'.'*'^-. is%«,ydiftT«it(«afttWBidta 
annw ■'( l^'B'* i^ (uiJtlo IxJow a red beat, as ta^ tali 

itUiIVs: Miu^-^i'»»>u»NiMAtsililebe)aw*n4lii^;aa 
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s the metallic particles, as they are aeparafed, to 
kbside la it a.nd accumulate tcigetlier. A substance of this 
" 'j termed ajlux. A flux may act in different waya : 
may merely melt, and allow the metallic particles to fall 
rough it ; or it m.iy combine, as it melts, wilii ingredients 
Bcbanieally mixed, in a minute state of division, with the 
, forming with them a very fusible compound, called ft 
tff, through which the reduced metal may fait ; or, it may 
act chemically some of the ingredients combined with tho 
le ore, forming with them the fluid matter through 
hicb the metal is deposited. Alkaline fluxes are generally 
" ; their efiijot Is to render the earthy misturea fusible by 
snTerting them into glass. Crude Jlux is a mislure of 
e and crystals of tartar. White Jlux is a pure carbonats 
f potiusa. Black Jiuz ia carbonate of potassa mixed with 
.A very fusible flux for eiperiments on the small 
s prepared by mixing 5 parts of carbonate of potassa 
nth 4 parts of carbonate of soda. 

[ 253. Reduction by the Gabmnic BaHerj/.— This 'a a still 
} powerful agent than the preceding. Some oxides, 
Klich resist the united influence of heat and charcoal, may 
b reduced by the agency of Galvanism. When reduction is 
greeted by this means, the metal always appears at the 
Motive pole of the battery. 

254. Reduction 6y Deoxidizing Agents. — Metals are re- 
duced irom solutions of their oxides by means of deoxidizing 
■gents. K phosphorous acid he added to a liquid containing 
onde of mercury, oxygen is taken from the oxide, phos- 
phoric acid is formed, and metallic mercury subsides. Metals 
are occasionally employed for reducing other metab from 
their combinations, when dissolved in water; in such cases, 
the affinity of the former for oxygen must exceed that of the 
latter. Thus, iron precipitates copper from the sulphate io 
solution, and takes its place. Mercury, added to a solution 
of nitrate of the oxide of silver, precipitates metallic silver, 
and passes into the state of oxide of mercury, which is dis- 
solved in the nitric acid. On introducing metallic copper 
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iDto this liqiud, pure mercury Ig thrown down, and a mtttit 
of the oxide of copper formed ; and this may be precipitated 
bjr means of iroD. In cases in which the metallic compoani 
to be reduced is ingoluble in water, decora position ma; oftm 
be effected by boiling the compound together with the de- 
oompDsing metal, in water. Thus, zinc, boiled in water 
with the chloride of silver, combines with the chlorine, and 
is dissolved ; the silver is separated from the insdubll 
chloride in a minute state of division. 



BBCAPITULATIOK, 

235. In what state are the Metals generally found?— 
230. "What are the general properties of MetaJs?— 2S7. ' 
Enumerate some Metals with reference to their hardnttt— 
238. to their density — 239. to their crystalliae texbtT>~ 
240. to their maWeafitVrty— 241, to their dnctility — 2^. to 
their tenacitg — 243. to their fusibility. — 244, Explain tlx 
principle of the Blow-pipe. For what purposes is it em- 
ployed ? — 245. Explain the principle of the Alcohol SloK- 
pipe. — 247. What are the comparatiTe affinities for oxygei 
of potassium, of iron, of copper, of mercury, of gold, itcT 
248. Wliat is Calcixation .»— 249. What is Beflagratioiit~ 
250. What is meant by iieffucd'on of Metals P — 251. ExpUs 
the procees of reduction by heat alone — 252. by heat vtt 
oorabustiblo matter— 253. by the GalTanio battery — S9t> 
by deoxidizing agents. 
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CHAPTER XVI. 



OF THE METALS. 



. The alkalies, potama, soda, and lithla, are oxides of 
uliar metals, termed potassium, godium, and lilhium. 
are called haligenoas metals, from the word kali, an 
.me of potassa, used in a general sense to denote an 
They were first procured by Davy, fay decomposing 
r oxides by means of Galvaaism ; oxygen appenW at 
le poutiTe, and the metals at the Dcgative, pole of the 

. PoTASSiiTM. — Potasgijim, or kalium, is BoMd atcom- 
1 temperatures, but it is so soft that it yields to the 
B of the fingers; at 32% it is brittle; at 150°, it 
1 temperature below that of redness, it passes 
' vapour. It is considerably lighter than water, and 
Ikts upon this liquid. It has a powerful affinity for 
MrgOD, and oxidises rapidly by contact with liqtiids which 
tatain thb gas ; a fresh surface, exposed to the air, is 
most instantly covered by a dull film of oxide. Potassium 
decomposes water at the instant of touching it, with the 
evolntion of so much heat, that the metal takes fire, and 
bnnu Tividly as it moves oTcr the surface of the water 
the brilliancy of the fiame is increased by the combus- 
tion of the hydrogen, which takes fire during its separa- 
tion; a globule of fused polassa remains floating o 
water, but in a few seconds, as its temperature falls, it pro- 
duces an explosion of steam — a phenomenon similar ti 
produced by a drop of water thrown upon a hot metallic 
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cup (p. 54J. If potaBBium be plunged under water, 
violent reaction lakes place, potasea alone 13 formed, 11 
hydrogen gas eacapea. Owing to its affinity for oiyge 
potassium sliould be preaerred under the surface of a liqiu 
which contains no oxygen, as naphtha. 

257. Potassa. — Fotassa is the oxide of potas^nm. It 
prepared in the arthydroui state, in the form of a wii 
powder, by exposing thin slices of potassium to dry 1 
When potassium ia put into water, a. hydrate is forme 
commonly called, from ita energetic action upon the anini 
textures, caustic potash. Tiiis substance ma; be prepan 
by evaporatbg a solution of bicarbonate of potaaaa, a 
boiling the crystals, thus obtained, with their own wdgbt 
hydrate of lime and water*; the resulting liquor is a aolntii 
of caustic potash ; if it be required in the solid sttte^ i 
liquor must be boiled down in a silver or bright iron ve 
andBnt of contact with the air. Caustic potash has a at 
affinity for oxygen, and is employed for depriving gaa 
hygrometric moisture, and for forming freezing mixtures.' 

258. Nitre. — Nitre, or sait-petre, is the nitrate of potaa 
It is generated spontaneously in the soil, and crystallizei 
the surface, in several parts of the world. It is prepared,' 
some parts of the continent, in artificial nitre-beds, in wh 
nitrate of lime is first formed, and then converted t 
nitrate of potassa by adding wood-ashes to the ley. Nl 
cryatallizes readily in long six-sided prisms; it fiisea Iq 
heat under redness, and is then poured into moulds, totaii 
lal-prunclle. Nitre is chiefly used in chemistry aa 
oxidizing agent, and in the formation of ni 
arts, it is much used for making deflagrating inixturt 
ffunpowder, for instance, is a mixture of about one eqnii 
lent of nitre, one of sulphur, and three of carbon. In fi 
and all other defiagrating mixtures containing this salt, I 

ingredient in- jromoting 1 
able matter. 
Pearl-ash; Salt of Tartar, i 

combinatl 



I oxygen of the nitre is the active ingredient: 
rapid combnation of the inflammable matter 
259, Potashes: Pearl-ash; Salt of Tai 
are carbonates of potassa. 1. Potassa exist 
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"with clay and other loineraJa, which form the earthy part of 
Buil : It appears to be esseotial to Teg^taCioD, heing found 
3n the sap of plants, Id (combination with vegetable acids. 
Hence, vhen land plants are dried and burned, their ashes 
lixiviated, and the solution evaporated Co dryness, the salts 
of the vegetable acids are found to have been dcEtroyed, 
and carbonate of potassa remains. 2. The potashes of 
commerce, when partially purified by solution, evaporation, 
and heating in a, fiimace, constitute the Pearl-ash of com- 
merce. 3. A very pure carbonate is formed by burning 
together t«o parts of cream of tartar (bitartrate of potaasa), 
and one of nitre. In this process the tartaric acid of Che 
cream of tartar is completely decomposed, and carbonate of 
potaasa remains mixed vrith charcoal, from which it may he 
Hparated by soluCion and filtration. The pure carbonate is 
called Salt of Tartar. 4. White and Black Flui are car- 
bonates of potassa, and are employed in Che reduction of 
metals (p. 235). 

260. Tartar; C«ani o/rorfar.— These are bitartrates of 
potassa. They are found encrusted on the aides and boCtoma 
of wine casks, where, owing to their insolubility in alcohol, 
they have been deposited from the juice of the grape. 

261. SonioM. — Potassium is the alkaline metal of the 
vegetable kingdom ; todium, or tiafriiim, is its analogue in 
the animal kingdom, its salts being found in all animal 
fluids. Sodium is very lustrous, and has the aspect of 
lilvra. At common temperatures it is so soft that it maybe 
cnt with a knife, and yields to pressure of the fingers. At 
IM" it is perfectly liquid. It tarnishes on exposure to the 
air, though its oxidation is less rapid than that of potassium ; 
when heated nearly to redness, it talies fire and bums with 
a yellow fiame. Thrown on eold water, it swims on the 
surface, and undergoes rapid oxidation, but without taking 
fire, like potassium. If a few drops only of water are 
applied Co sodium, it readily becomes hot enough to take 
fire. In each case, soda is formed, and the water acquires 
alkaline properties. 
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262. Soila. — SoJa, or natron, is the oxide of stidinin.ul 
u fbnned when this melsl is exposed to the air or to mw 
When combined with water as a. hydrate, it is the can*' 
Moda of dienUBta, This substance may be prepared fit 
the bic«rboDate of soda, b; a process similar to ttiit : 
pnpuing caustic potash, and may be solidified in llie oat 
Hay. Soda is readily distinguished from potassa and ol* 
Alkaline bases by the following characters : — I, It formal 
BtU-phuric acid a salt well known as Glauber's gait. 2. ill 
it« salts are soluble in water, and cannot be prcdpitated 1? ~ 
> re-agent. 3. Its salts impart a rich yellow colour tl ' 

263. Sea salt .- commnn salt. — Sodlnm hums in chlorim, . 
t forms chloride of sodium, or comraon culinary sH. , 
B different kinds of common salt are procured from 6* 

fe"IBineta1 roek-salt, or by evaporating sea-water, Sea-iraW 

■ contains 2*7 per cent, of chloride of sodium, which a At 

^idetable of its saline ingredients. In places <B 

the coast where spontaneous evaporation proceeds npJlTi 

aea-water is rctuned in sliallow basons or canals, ob lb 

snrface of which a saline incrustation forms with the pn- 

s pf evaporation, and is afterwards broken and nJul 

oot. On evaporating a solution of salt in water rapidlji 

it ctystallizes in hollow, four-sided pyramiils ; but it OMWI 

in regular cubic crystals, when the solution is allowed » 

evaporate spontaneously. The glazing of pottery is efltetei 

I by decomposition irf chloride of sodium r a quantity of tin 

^^Ubstance is thrown into tlie kiln, where it is convtrlrf 

uto vapour by the heat, and, condensing upon the sulftW 

of the pottery, causes its vitrification. 

264. LiTHitTM. — Lithium is a white metal, resemUini 
' idiiim, and of highly;oxidable quality. Lithia is the pt* 

dd» of lithium, and it occurs in small quantities in eertlii 
rsuDerals; it possesses aJ] the properties of an alkali, M 
' om potaasa and soda ia the very sparing solutnli^ 
if its salts. Lithia has been hitherto obtained on! 
in small quantity. 
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potu<^ i it IB infusible in the most powerful furnaces, but 
xneltsin tbe flame of the oxy- hydrogen blowpipe, or by means 
of Galvanism. Flatinun) is used in the conEtructioD of cm- 
<:ibles, in cases in which acids are employed which would act 
upon other metals, or upon glass ; it is also used in the form 
«f a conducting wire in electric and galvanic batteries. The 
remarkable property of spongy platinum in causing the 
muoQ of oxygen and hydrogen gases, has been already no< 
^ticedCp. 151). 

, X28. ApMogisHcLamp, — The principle cf the Aphlopstie, 
)ltjlamelei$, lamp depends upon the slow combustion of in- 
" I esplosive substances at a lower temperature 
a is Decessary for infiammation. In the annexed Dgure, 

sents a. vessel, which is sup- 
d with alcohol by an aperture at 
j A glass tube, B, of several inches 
Plength, is fitted to the vessel by 
,B of a wooden cort. Within the 
IS tube is a coil of platinum wire, 
tand round a piece of wood, which 
a upward in a conical form ; a 
n between the wire and 
p alcohol is effected by means of a 
« of wick. When the lamp is to 
le used, the platinum may be ignited 
K Inr the flame of a candle ; the wire 

11 remain red hot, and emit a feeble „^ 

ht, so long as there is any alcohol 
■ the vessel. A cylinder of camphor may be substituted for 
Bth the wick and the alcohol. 
329. Pii-LADICH, Rhodidh, OsMtttK, Iiitsiirir. — Tliese 
fonr metals are found in the ore of platinum. When the 
ore is ^gested in hydrochloric acid, the platinum, together 
with palladium, rhodium, and other metals, is dissolved ; 
while a black powder remains, which consists of osmium and 
iridium. These metals are procured in very small quan- 
1, and their properties are very imperfectly known; they 
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2-W STEEL. 

owd. and Kme, in a Matt furnace. This fon 
•pf)e3TS to combine (the foUowtng ^raniBges; — 1. A p 
surbce is eiposed to the air, 
which, h3.viag an eaaj potrance, 
rnsbcs through the fael with 
great rapidttji 2, the iacIinM 

rererberating surfaces; and, 3, 
the foel falls of itself. The air 

openings near the bottom, tma 
a blowing apparatus, so aa to 
maintain the whole contents of 
the funtace ra a state of intense 
ignition. In the process, as tbns 
conducted, the carbon removes 
the oijgeD trom the iron, form- 
ing carbonic oiide or carbonic acid, which escapes, 
lime acts the part of a jluz, by combining with the ei 
matter of the ore, and forming a fusible compound, cil 
tlai;, thron°;1i which the melted iron falls, and collects ] 
bottom of [he furnace. The slag is let off from lime to 
at an aperture in the side of the furnace, and the fiised 
is carried olThy a hole in the bottom of the furnace, rec 
into channels formed in sand, and thus caj( tuto ingi 
pgs, commonlv called jiiy-iroH. 

283. Sletl.— Steel is a carburet of iron. Tho gt 
method of forming steel is by the process of eementi 
This consists in placing alternate layers of bars of mall 
iron, and of powdered charcoal, in a lai^ fomace, 
which the atmospheric air is entirely excluded, and ke 
the whole for several days at a red heat. By this meai 
iron gradually combines with from 1-3'' to I 'To"" perct 
carboni and the different degrees of temperature to wh 
is subjected, occasion the varieties in its state of cohi 
or lemper, which are adapted for making different in 
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Miic, oxpiJ ' , 



which i> ^' .y 
stronjr rod I'' ' 

rcvrrhri'dti'H' 
walNc.fthc til ■-■ 
to iho cliiniii'-; • 

floor of t'l:? !■' 

f')r the inlV" 

;i,t lllf Cil'l l;i 

vid'.'.l wiih a » ■■ 
Oil ro.istiii;: \\. 
;!rs(>nic, whi-':: 
oxviT'-n as i'" !"■ ■ 
roui* of I'lV c:." 

til!!'.*, coii^rnuS 

n'>r ; it i<, h*r\ 
(I refine. To <■ 
oxi<lo i< uiixed v. 
t'X])o>iMl to re I 
oiiipty crucibU- 
cool {'or thv' iiur 
as it rist'S. Ar- 
luslrt', an:l stor. 
in rhonihoheilr': 
it fuses at a hi '^l' 
taiucd. Its VJ'."; 
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la exposure to the air, forming a grey oxide, called 

197. FumingLiquoT of Arsenic. — When po-wdered arsenic 
to a vessel tilled with dr; chlerine gas, it takes 
fc, and sesquichloride of arsenic is formed. This is a co- 
nrless Tolatile liquid, ■which /umes atroog-lj on ciiposure to 
,d ia resolved by water into the hydrochloric and 

£98. Healgar and Orpimenl, — Theae compounds are su/- 
rets of arsenic, occurring in the mineral kingdom, 
fea/par is a crystalline, transparent, ruby -red substance, 
artificially by heating arsenious acid with about half 
ht of sulphur, to the state of f\isioa. S. Orpimenl 
K yellow crystalline substance, of a brilliant, but not very 
rable colour, and may be prepared by fusing together equal 
I of arsenious acid and aulphur. It is the colouring 
lociple of the paint called Xing's yellow. 

Chhomium. — Chramium ia prepared, by a difficult 

1, from the mineral called chrome iron. It is a greyiah- 

hite metal, brittle, and Tcry infusible. The oxide nfchro- 

a green colour, and, when fused with borax OT 

I litreous substances, it communicates to them a beau- 

il green colour, a property which affords an excellent teat 

If its presence, and renders it exceedingly useful in enaniel- 

■, and in glass and porcelain painting. The emerald awes 

s colour to the presence of this oxide. Oxide of chromium 

k also the colouring matter of pink, applied to stoneware. 

« yellow is the chromate of lead ; it furnishes to the 

inter his best and most lively yellow. Ckrinne red 18 the 

ubromate of potassa. 

i 300. Vakajmum, MoLin d em; h. Tungsten, Cold mdiuMi 

L-Tliese metals are of very rare occurrence, and are with 

eat difficulty reduced to the metallic state tVom their ores. 

« but imperfectly known, and have not been applied 

O any useful piu-pose. 

301. Antimomy. — Antimony, said to have derived its 

!, anti-moine, Irom its fatal effects upon some munlu 
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^^V^KyrtoMc Ckematiy.—AH the compounds of Ite 1 
TagMaUe. « nil u thoM of the Animal Kin^om, an 1 - 


€*itef bTmub; the titmeaU of which thej consiat ^ 


^ Vifttctta b»T« been itrangBd by Turner under Ihe fol- 


1. Foxtail* AdJt. 
L Ftjrtril, Jifcifa,. 
3. JV-Mtraf aittABec*. 




^1 I. TEGSTASLE AC1D8. 



833. Hhneral Remarks. — Vegetable acids are compannda 
wUdi we peenliarij' the product of veg^tatioo, and which 
poisen llw propeities of an acid. The; do not prewot a 
constant analogy in their composition ; it seems, however, 
to be tnie dial tJl regetable substances are add, which eon- 
tain more oxygen diu is reqiured to form water with ihmr 
hjdrogen. Vegetable acids are decomposed by a red heat; 
nearly all of tbem are decomposed by concealraled hot nitric 
acid, by which they are conTerted into carbouic acid and 

334. Oiahe Acid. — Oxalic Acid exists ready formed m 
eereral plants — associated with potassa ia some species of 
sorrel, and with lime in seTeral species of lichen. OxaUc 
acid may he prepared anificioUy by digesting sugsr with 
about six times its weight of nitric acid, and expelling the 
excess of this acid by distillation ; a syrupy Snid remainSi j 
which, on cooling, yields crystals of oxalic acid, which are 1 
purified by repeated solution in pure water, and re-crystalli* ^ 
zation. Oxalic acid consists merely of carbon and oxygen; 
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it coDtains no hydrogen ; it ap|>ears, therefore, that the pro- 
duction of this acid depends upon the sugar bebg deprived 
of all its hydrogen, and of a portion of its oarbon by oxygen 
derived from the nitric add ; hence, oxalic acid differs froin 
carbonic acid only in the relative proportions of its ingre- 
dients ; oxalic acid contains more oxygen than any other 
T^etable or animal substance. Oxalic acid is an active 
poison, and is liable to be mistaken for Epsom Salt. These 
substances may, however, be easily distinguished by the fol- 
lowing eircumstancea : — 1. Oxalic add has e.n acid tasle i 
Epsom salt has a hitter saline taste. 2. Thrown on red-hot 
cinders, oxalic acid is completely dissipaled ; in the case of 
Bpsom salt, a white mass remains. 3. Oxalic acid is red- 
dened by vegetable blues i Epsom salt is not affected by 
them. 4. With alkaline carbonates oxalic add effervesces ; 
Epsom salt gives with them a white precipitate. The anti- 
doles, in case of poisoning with oxalic add, are chalk and 
magnesia; oxalates are thereby farmed, which are insoluble 

S33. Acetic Acid. — Acetic acid exists ready formed in the 
lap of many plants, either free or combined with iime or 
potassa; it is formed during the destructive distillation of 
v^:etablo matter, and is an abundant product of the acetous 
fermentation, 1. Vinegar is an impure acetic add, prepared 
by fermentation bom an infusion of malt, or from weak wine. 
Vinegar, although so different from sugar in its projierlie*, 
is considered to be precisely analogous in its composition, 
both of them being binary compounds of water and carbon. 
There is this difference, however, between them ; vin^ar 
may be formed artificially, by fermentation, from sugar ; but 
sugar cannot by any aptificial process be formed from vinegar. 
2. Diitilled Vineyar is pure acetic acid dilnted with water, 
and containing a small quantity of a peculiar oil formed 
during distillation, and, hence, termed empj/reumatic. S. For 
chemical purposes, acetic acid is prepared by the distillation 
of wood, and is hence termed pr/roligneous add. Pure acetic 
d is exceedingly pungent, and blisters the akin, on contact ; 
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K tt is very -volatile ; its vapour is inflammable, and bams vtib 
^Ls white light. 

H 336, Tartaric Acid. — Tartaric acid eiista in the juice rf 

^BlBveral acidulous fruits, usually in combination with lime or 

^fyotassa. It may be prepared by boiling a mixture of cream 

of tartar and chalk in vfater ; an insoluble tartrate of lin» 

BubBides ; on digesting this with sulpbunc acid, tartaric add 

is set free, and may be procured by evaporation in prismatic 

crystals. These crystals, when digested in nitric acid, are 

L converted into oxalic aoid. 



837 . Hydrocyanic A.cid. — Hydrocyanic, or Prustic, ad4J 
■ ■ ~ I Alia 



I 
I 



la contained in some plants ; the distilled water from ti 
leaves of the Pranus lauro-eerasus owes its poisanous ptw* 
perties to the presence of this acid. Hydrocyanic acid W 
prepared by various processes from the bicyanuret of mm^ 
cury, or the cyanurot of potassium. The pvire add is (' 
colourless liquid, of a strong odour, similar to that of peulf 
blossoms. It is a powerful poison : a single drop intW^f 
duced into the throat of a large dog, occasions death, after 1^ 
few hurried inspirations. "When a drop of it is placed OQK 
piece of glass, it becomes solid, owing to the cold prodacri 
by the evaporation of one portion of it being so great as ti 
freeze the remainder. Hydrocyanic acid is a compound S| 
cyanogen (p. 224) and hydrogen. 

338. Other Vegetable Acids. — 1. CV/ric .^ci'd is prepawd 

by adding the juice of limes or lemons to cballt, anddecon»> 

poung the citrate thus formed, according to the proced 

adopted in preparing tartaric add. 2. Malic, also callfl 

Sorbic Acid, is procured from the berries of the SoiM 

aucuparia, or Service-tree ; it is contained in most atudulofl 

frmta, in which it is frequently associated with tartaric am 

a/tnc acids. 3. Gallic Acid is obtained principally frol| 

gall-nuts, by exposing an infusion of them for some wee^l 

to the air. It is particularly distinguished by the dai| 

colour wbich it produces with peroxide of iron ; the coM. 

pound of these bodies forms the basis of ink. 4. Senxot 

Acid emtB in gum benzoia, m storax, in the balsanu^ 



J. i 
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Peru and Tolu; and in the luiDe of herbivorous HDimala, 
t>eing probabiy derived fifom the graaaes oo which they feed. 
The scid is eommonly prepared hj Buhlimation from gTim 
benzoin. 5. Lactic Acid is found in the juiee of the beet- 
woat, in sour milic, and in most animul fluids. 6. Saccinic 
.^eid is prepared by distillation from amber. Numerous 
«ther acids faaie beeu described, but they are of compara- 
^velf little importance. 



^Tel; 



539. General Remarks. — Vegetable alkalies, or alialoids, 
are compounds which have alkaline properties. They pre- 
sent a remarkable analogy of composition : a aingle equiva- 
lent of each alkali contains esaclly one equivalent of mtro- 
gen. Their alkalinity has been attributed to'tlie presence 
of ammonia, formed by the union of their nitrogen with 
a portion of hydrogen ; this opinion is rendered more pro- 
bable by their always evolving aimnonia in the process of 
dHtnietive distillation. The vegetable alkalies never exist 
ID an insulated state, but always in combination with acids, 
with which they form salts, which are more or less soluble 
in water. The Tegetable alkalies agree in several of their 
leading chemical properties, and they are all prepared by the 
same process with alight variation. The vegetable salt, con- 
tMning the alkali, is first extracted by digestion, or maee- 
ndon ; the acid is then separated from it by some more 
powerful salifiable base, as potassa, ammonia, ka.; and the 
lemsiiiing alkali is purified by repeated solution and crys- 
talUzation. Iodine combinea with most of the vegetable al- 
kalies in atomic proportions. 

540. Vegetable Alkalies. — I. Morphia exists in opium 
in comblnatiott with meconic acid. It is one of the most 
important of the vegetable alkalies, and is the principle on 
which the narcotic properties of opium depend. Morphia is 

Dcured in the form of prismatic crystals. In its pure 
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Stale, it is aJroost inert; but, in eolution, it Is an t 
poison, alarming symptoms having been produced bj 
small a quantily b.b half a grain. The action of moTf 
with iodic acid is peculiar : the acid is decomposed, t 
iodine liberated, which may then be detected by tta 
(p. 208). A single grain of moqAia in 7000 grains of w| 
may be detected by this test. Besides morphia, opium e 
tains other alkaline principles, as narcotine, codeia, narct 
thebaia, and meconia. — 2. Quina and Cinchoaia hare b| 
discovered in tlie different species of Cinuhona bark, in m 
bination with Kinic acid. These alkalies, thongh veryai 
logons to each other, are distinctly different, standing ia : 
same relation to each other as potassa and soda. Cincho 
readily crystallizes ; quina does not crystallize ; the alkal 
properties of both are strongly marked. — 3. StryiAnia ocQ 
in the Strychnos mix vomica, in combination with igasl 
add. It is procured in the fortn of minute prisms. It ii 
exceedingly virulent poison : half a grain occasions dead 
a rabbit in the course of five minutes. Its operation is 
waysaltendedby symptoms of locked jaw.— 4. Bmeia obi 
in the Bmcea antidysenterica, and also in the nux vom 
II resembles strychnia in its properties, but is a much m 
virulent poison. — 5. Veralria is the alkaline principle of 
Veratram album, or white hellebore, and of the Calehit 
autunaiale, or meadow saffron. It acts with great e 
on the membrane of the nose, exciting violent sneezing.' 
few grains, taken internally, are fatal to the lower aj 
— 6. JBmetia is the alkaline principle of Ipecacuanha ; 
toxia, of the Coceulus Indicus ; solania, of the Solan 
dulcamara, or woody nightshade, fcc. &c. 

III. NEUTRAL BtJflSTANCBB. 

341. General Remarks. — There are several v 
substances in which the osygen and hydrogen esis 
<ame ratio as in water. Tliese are neutral suhstan 
They occur in great abundance in the vegetable kingdot 



1 
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all the varieties of Coil ani] Bitumen, 
known combustible, consisting of carbonaceous, bitiin 
sod various other mattera. Of the common or blm 
there are severa] varieties. Caking coal is so Dame 
its partideG softening bjr heat, and adhsring together 
compact mass, or cake. Splint coat derives its nam 
its splinteiy fracture. Cherry coal has a slaty Iracttii 
is more easily broken than splint coaL Cannel, or 
coal, emita a brilliant light while burning, and hi 
used as a substitute for candlea. Glance coal, or anth 
consists almost entirely of carbon, and contains no I 
nous matters. Brown coal, bitamrnous jcood, or j 
brand, resembles peat in the phenomena of its combt 
it presents the fibrous stractnre of wood. Pitch c 
Jet, is intermediate between brown and black coal, 
used for malung trinkets. — 2. Bitumen is an inflan 
substance, resembling tar or pitch in its properties ait 
Among the difFerent bituminous substances, the 
naphtha sjii petroleum have been given to those wbi 
fluid ; maltha, to that which has the e 
and asphaltum, to that which is solid. 



BPiniTUOUS t 
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S5\. Alcohol. — Alcohol is the intoxicating ingred 
|II spirituous and vinous liquors. Its composition 
same as that of the oils. Moat saccharine substancei 
under favourable cireumstances, be readily convert 
fermentation, into alcohol. Alcohol is prepared fron 
tuous and vinous liquors by distillation. The annexe*] 
represents a large still, used 
in the distillation of ardent 
spirits. This apparatus con- 
aista of two vessels : one of 
these is composed of two parts, 
a body a, and a head b ; the 
head is so shaped that tiie 
vapours which rise and are 
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rved beak 



idensed against its sides, arc coDveyed by it 

, spiral pipe, called the worm, which is 

L contabing cold water. During their passage, the vapours 

V condensed, and flow out at the lower end of the worm in 

^quid forw, Conmion alcohol, or spirit of wine, is ob- 

J by distilling whisky or some ardent spirit ; rectijied 

rit of wine is procured by a second distillation ; in both 

, the alcohol contains a certain quantity of water- 

B water may be entirely removed by some substance 

bich has a strong affinity for it, as carbonate of potassa, or 

Idoride of calcium ; in this state, the spirit is termed ab$o- 

'e akohol, to denote its entire freedom from water. Equal 

Idghts of absolute alcohol and water constitute proof 



\ 332. Vinous Fermentation. — The formation of Alcohol 
jfkfls place during the process oT vinous fermenlation. This 
aeoBi depends upon the decomposition of mgar, the only 

pbstance which enters readily into a state of vinous fer- 
sntation. The composition of 45 parts of sugar is, oxygen 
I, carbon 18, and hydrogen 3 ; and these are resolved, durr 
g ffemientation, into 23 parts of alcohol, and 22 of carbonic 

pnd. These changes are represented in the following dia- 



r Bifart Derampaitim 



After DecojFiponli™, 




Sa3. Ethers. — Ethers are the volatile and fragrant fluids 
produeed by heating aeids with alcohol. Their names are 
derived from the aeids with which Ihey are formed, most of 
n containing the acid, or the elements of Ihe acid, e 
a UteJr production ; thus, we have sulphuj 



shuii^B^M^j 
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nbergris is considered to be a concretion formed in the 
>niach of the spermaceti whale ; it is found floating on the 
a near the coasts of India and Africa. Butyrine is a fatty 
alter contained in butter. Heroine is found in the fat of 
lats and of sheep. Phocenine occurs in the oil of the por- 
>ise. These last principles, when converted into soap, 
jeld several acids. 

III. SUBSTANCES WHICH ARE NEITHER ACIDS 

NOR FATS. 

360. Albuminous Principles, — ^^Vhen any part of an animal 
ody is boiled in water, it is separated into two portions — 
he one soluble in water, and forming with the water a 
remnlous jelly, or gelatine ; the other remaining insoluble, 
odeed becoming harder, the longer it is boiled ; and from 
be identity of its properties with those of white of eg^, de- 
ominated albumen. These two substances exist in very 
ifferent proportions in the different textures. 1. Albumen 
(ists, in the solid state, commonly called coagulated al- 
umen, in the cellular tissue, the skin, the vessels, &c. ; in 
le ligtiid state, it occurs in the serum of the blood, and in 
3rtain animal secretions. The curd of milk is a modification 
f the albuminous principle. — 2, Gelatine exists abundantly 
1 the solid parts of the body, as the skin, cartilage, tendons, 
•ones, &c. ; it is not found in healthy animal fluids. Dr. 
*rout observes, that * Gelatine may be considered as tlvc 
east perfect kind of albuminous matter existing in animal 
x>dies : intermediate, as it were, between the saccharine 
principle of plants, and thoroughly developed albumen : inr 
deed, gelatine in animals may be said to be the counterpart 
of the saccharine principle in vegetables ; it being distin- 
guished by its ready convertibility into a sort of su/rar, by a 
process similar to that by which starch maybe so converted.' 
— 3. Fibrin is another modiflcation of tlie albuminous prin- 
ciple, existing in* a suspended state in the blood, but more 
abundantly in the form of a tough fibrous mass, in which 



I 
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lection of the producU, consti- 
nie deitrucliae ditHllatian, 

DocTiLiTY (duca, lo d^aw). 
A propertj' of some metds, by 
which ifaej may be drawn out 
into wire. 

EiiuLi.inoN(cAiilliD, ifl bubble 
up). The production of vapour 
■t the tdiling point. See Etapo- 



grow aoiy. me com 
produced in fluids by I 
escuie of ga», aa on pc 
oadiHlk. 

E.cioBaecgNcB (effl«r»a; lo 
blow as a flower). 1 he pulvp- 
resconce of cryslab, aa sulphate 
of soda, OD exposure to the air. 
It ii opposed to dtliquttcinct, 

EUITICITI (ikwifK, 10 puth 
back). The properly or power 
by whieh a body, when com- 
pressed or extended, returaa to 
itl former alBle. See Cai. 

E i.ecTHiciTi ( ?>j>Tf ■■.amber). 
A fluid or property m nature 
which iscaUed into action iu iLi 
Dimplesl form, by rubhiug glasa 

duced by Dr. Faraday aru ex- 
plained at page 79. 

I^Lixra. An Arabic term for 
•n KMmee, or pMfe ma&a with- 
out any drega. A term for. 
Wcrly applied to compound tinc- 






Mt on fire). 

tbe peculiar vapours produceil 

)iy destructive dulillation. 

EstinjBiiiDH (rjui, equally, 
Jib™, to balance). A term ci. 
preiaiie of the equality of tempe- 
rature, which all bodies on i' 
earth are constaotl;^ lending 
attain ; and of the equal dial 



the 



butioD of the electric flai 
natural undisturbed stale. 
which are thus equally balanced, 
arc said to be in tf uiUfrria. 

EaciraLEM {rqal, equally, ' 
I'sliir, lo avail). A term ^lied 
to the combining proportioni of | 
elementary and compound lub- 
stnnces. It it frequenilj und 



EuDIOUETER (luHa, caliD 
weather, >iin«, a measure). As 
instmmenl lor aicertuning lb* : 
proportionofoiygeninagBHUiit ■ 



ElFAHSlBILITV (^UpiHtdt, tt 

Spread out). The property bj 
which a body is capable of oecft. 
pying more space than H nnullj 
requires j it ig called into MtiM ' 

FAcrmona (/artilo, to pite- 
tisc). Made by art, aa (hcttdom 
cinnabar, in dhilinctioo from <h( 
natural production. The tenn 
is also applied to waien nifr 

nal«rs, as those of BrighUn. 

FSBilEMTATION (Jtlmtlttia 

yeast). Certain changet of U 
- -' - vegetable ' " 







ihe grape fcrmins wine 
iugaicohoh 3, the aalnu, won « 
the result is acelie acid, or vis^ 
gur ; and, 4, the pulre/aciiM, 
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and whey. When milk is coagulated by means of rennet, 
a curdy substance, or the caseous principle, is produced ; 
this is the basis of cheese in a state of purity. 6. Mucus is 
a peculiar transparent fluid, secreted by the surface of the 
cellular membrane ; it consists chiefly of water, with muriate 
of soda, and a trace of albumen. 7. The fluid secreted by 
the serous surfaces consists principally of water, with small 
portions of albumen, mucus, and saline matter. 8. Pus is 
the fluid secreted by an inflamed and ulcerated surface. In 
the healthy state, it is a thin transparent fluid, with opaque 
globules floating in it. Pus varies much in its qualities, 
according to the nature of the source from which it is pro- 
duced. 9. Urine is a transparent limpid fluid, with an acid 
reaction when recently excreted, but becoming afterwards 
alkaline. It contains nitrogen, in the form of highly azo- 
tized products, and various saline and earthy compounds. 
It is peculiarly prone to spontaneous decomposition. 



RECAPITULATION. 

857. What is adipocere f — 358. Enumerate some of the 
animal acids. — 359. State the analogy between the animal 
and the vegetable oils. — 360. What are animal albumen, 
gelatine, and fibrin ? What is glue ? What is isinglass ? — 

861. What are the chief constituents of the Blood f—^fh^X 
are the diflerences between venous and arterial blood ? — 

862. What is meant by tlie term secretion f State the com- 
position of saliva ; of the pancreatic juice ; of the gastric 
juice ; of bile ; of milk ; of mucus ; of pus ; and of urine. 



r 



3 of sulphur 
Uappc 
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from [heir li 

Thm, nebaveliier of antimony, 

■n oiy-iulphuret ; lirer of aui- 

Elmr. or sulpburct of poluh ; 
epatic air, nr sulpburcted 
bjdrogen gu. &c. 

HERHEticSEAi-CEj^;,. Mer- 
cui-j). The dosing, air-tight, 
of the end of ■ gliss lube or 
TCEEol Hffacn healed to the melt- 
ing point. The name ia derived 
from the Egyptian //crn el. sup- 
posed to have been the father of 
chemistry — hence cslled the 

HoHOCENtovs {iftit, alike, 
yim, kind). A letrc applied to 
Hibatances composed of particles 
which are of the same nature, 
and have Iberefore the same 
proportiea. Hetirogfncoui ('in- 
t», other, yiiv, kind) ia a term 
applied to substances, ibo parti- 
cles of which, and Ihercforo the 
qualities, are of different kinds. 
Thufl, in minerals, sandstone ia 

het&rageiieoHSj substance. 

HlDBACllis. iJjdro-ariiij. A 
class of acid compounds, into 
ivhich hydrogen enters as the 
amdifying principle. 

_H»Dn*Tis(EJ-j,™t">Clic- 
mical compounds of solid bodies 
and water, still retaining the 
wlid form. If water be not a 
constituent, the compound ia 
laid to be anhyilrinif. 

(iiy(it, jnoist, 

^ An instru. 

the degree 



iTEB. That 
portion of moisture wbicb gases 
yield (o deliquescent silts. 

Hyper (Siie. oyer or aboTc). 
This prefix is a, Greek prepo- 



GLOSSAET. 



jtmg , 



flvplr-onyl 

pound containing ninri oaygei 

than oiymurialic acid. 

Hvpoturi, under). Tfaispre- 
£i is a Greek preposition, Bgni. 
f^ing dejicitnry, as in k^ff 

taining Icsi oiygen than nilnw 



loMiios (.ignii, fire). All 
effect of caloric, implying tha 
emiseiun of light from badia 
nhich are much heated, wilbM 
their suffering any change of 
composition. Bodies begin la 
become ipnittd, or red-boti M 
about aO&'P.i the highest point 
of ignition is a uiAile tig^it, 

y metre, to pcnetnUo). Ik 
property by which a liodj oceg- 
pies any apace, to the escMoa 
of every other body. All bodiei 
are impenetrable, what is called 
piHjfrofioTi being merely the »d- 
mission of one substance ioto 
the jiorei of another. 

iMFONntHABLES {in, pilV, 

poniiui, weight). Ager ■-■■' 



weight, as Light, Heat, 

Incindescevcb (iocaKitn, 
to grow hot). The glowipgOF 
shining appearance of hestat 



reduce to ashes, Irom rmb. n 
cinder). The reducing to asba 
by burning. Ilie combciBtiaa c| 
vegetable or animal substai 
for the purpose of oblai 
'tlieir ashes or fixed rt ' ' 

iKrUBiOK (ir/«iid . 
on). The pouring dF watM 
hat or cold, on vegetable 



"*'^'^™- 





B, For the purpose of e 
letiog titeir soluble and ai 
aMde priociples, 

Issi)LAtioK(™i.((.,sn island). 
A term applied to a body con- 
tuning a quantity of eleclrio 
fluid, and Eurrounded by non- 
conductors, BO that it! cammn- 
nfcotiort Kith other bodies is cut 
off, and the body ijisufsKd. 

I»™a*LP*HTIClM< integer, 
entire). The moat minute par- 
tieleE, ftTfiitur to each olAer, into 
which a auhstance can he divided. 
Thus, the smalleBt portion of 

Kwdered niarhie is still marble ; 
t if, by chemical meana, the 
calcium, the carbuti, and the 
oxygen, ol this portion ba sepa- 
l^ted, we shall then haie the 

iHOHoarHOUs. Thia and some 
rimilar terma are sufficiently 
explained at psge 133. 



Lakc 



I applied t 



formed by precipitating colour. 
ine matter with an earth or 
oxide. Almost all vegetable 
colouring matters may be prc- 
dpitated into takei, by means of 
alnm or oxido of tin. 

Lens (lini, a hean). A smalt 
roundish glass, shaped liise a 
lentil, or bean. It is employed 
in fusing refractory substances ; 
and tor refracting rays of light, 
so that the divergence, or con- 
rergence, of those rays shall be 
eqiully produced alter their 
passage through a lens. 

LlVlQATiON (Isv'ga, to no. 
lish). The proc " " 






(tallie sub. 
with a mu^lcT upon e 



flat table of hard stone. Some 
fluid is added to aasist the ope- 
ration, which in this respect 
diSers from Iriluration. 

LlQUIFACTlON (li^lV^atlB, tO 

melt). The passing of a sub- 
stance from tbe solid to the 
liquid state — one of the eflects 
of caloric Liquids are fluid* 



towards each other is less than 
their individual gravities i so 
that they separate by thi^r own 
weight, and may then be divided 
drop by drop. 

Litharge (\Un, a atone, 
Sfjtifts, silver). An oxide of 
lead in an imperfect state of 
vitrification. Litharge is more 
or less white or red. according 
to the metals with which the 
contained silver is alloyed, the 
white being called iitbarge of 
litvtr. the red lilliarge efsoid. 

L«.y.A™»((i.imM.alev>. 
The solution of an alkali or o^a 
salt in water, in order to oblaio 
the soluble portion in the form 
ofatiiiuiuBi, orley. 

Lute, A paste made of clay, 
sand, and other materials, for 
closing the joinings of retorts 
receivers, &c., for the purpiMe 
of rendering them air-tight. 

Maceration (mocera, to make 
soft by steeping). The steeping 
of a body in a cold liquid, in 
order to soften it 



JIai 



T(mi 



^asle^l^| preparation ; 
Lerly applied to almost 
all precipitates. 

"' OHirmi. A peculiar pro. 
of certain bodies, parti- 
cularly iron, by which, under 



J^ 



I 



rfmTf^ a sphere J. Tbe vcJume 
of ur Bbich BUTTOunds tbe 

Arott (m, peXY., Ti/ttK.toca't). 
That which cinnoE be divided ; 
■n ultinute panicle of ntaner. 

to). The tendency ichich bodies 
bne to be drawn to etcti olher. 
It diSen from g^avUs in b«ag 
a more geaeral term : gravity is 
a ipeciei of auractioD. 

Axon (k, priv., ^ai, UFe). 
life-deprirer ; a term applied 
to nilregn, fhuD its being in- 
rapable, alone, of sup|jDrtiug 
iife- 



B^sis (liini, a ba»). I. The 
■ubatance Hitfa Kbich on &cid is 
combined in a sail. 2. A nur. 
daanl : ■ ^abatancenscdin dje- 



leat in ibe open mi. 

Caloric {cu/ot, heat). 
imaginorjr 9uid sabstance fi^ 
posed to be dilfiised tbrough all 
bodies, and producing' thi "~ 
sible effect of heat. 

Caustic (icM,H>n>,toban>. 
A subslance which deatroji pirtii 
by ohemically decompoanC 

~ aiEST*TioM. Apraeesibr 

1 the properties of a bodj 

are cbanged, on being uir- 

ronnded b; otber bodies in l 

~ te of ponder, and expoKCl M 

hierh temperature, as in llw 

nv^on o7 iron into atedbj 

menUtion wilb charcoal. 

Chalvseatc ( Chol^ha, a pw- 

pie who dug iron out of in 

eanb). The name of 






dgnifjin 



laincd i 



, twice). A prefix 
that Ibe baie is cod- 
a compound in Itcs 



I 



IL COHI 



M.Tbe 



a compound difti- 
more qualities tv<a 



defini , , 

BirTEaw. The aoiher main-, 
or uncrysialliiable residue left 
after muriate of soda baa been 
separated from sea-salt by C171- 
talliution. 

Calcabsods (nit, lime). 
The name of a class of earths, 
consisting of lime and carbonic 
acid, as dialk, marble, &i 

C*ioiKAiiOK (calx. 
The procea of forming i 
or oiide. by expMure lo L 



ConEaiON (cobcTdi, lo 
togetber). Tbe species 
traction by which the comj 
parts of a body cahtre, or *» 
kepi together '■ " ' - — 

COKCENTHATmN.Thortrei^' 

ening of tolutioTiB, miltarc^ 
&c., by evaporation of Huit 
watery parts. 

Condensation (aatdtna, HI:' 
make thick). Tbe act of Ai 
minishing the bulk c^ a bod^, » 



Congelation (yfhi. ^i). 
Thcihickei^ing. OTSolidiScalinO 
wholly cr in pact, of a liqaiil 



GIOSSAKT. 



Ilius, vuer CBitgealt, and be- 

vbcn dissolved in water by boil- 
ing, cangtal, and became glue. 

crackle). ThB crackling aoiuid 
oceuioned by certBtii salts dur- 
ing olcinadan. 

Crocui (Baffron). A term 
fornierly applied to oomc prf?pii- 
ndons, frora tbeir jel' 
ugrim colour. 

nhicb tho alchemista < 
vipea tho vessel ; or cr 
torture). A chemifal s 
which tbe metnls were t 
to force tbem id becaj 
gold. See page 191. 



bum), Theoxidatinn of metals 
by mixing tliem with nilrste or 
chlorate of polish, and projeet- 

cruclble. 

Deliodescence (_Jtl!qiietca, b> 
melt). Tbe property of lome 
sails of attraclmg- m"-'"- - f"— 



Cava 



(.;. 



cold, 



>e-.W bring). 
for ethibiting- the degree of cold 
produced by etaporalion. " 



■T. 



46. 



uf , > crystal ). The process b; 
whicb the particles of liquid o 
ffweous bodies form themselvc 
into crytlali, or solid bodies of a 
regularly limited form. 

Ci'FEt. {kuppr.1, German, a 
cap). A small flat, cup-liko 
^Tocihle, made of bone ash. 

Cdpellatius. The process 
of parHyin^ gold and silver bv 
melting them nitb lead, which Is 
iru oxidated, tben vitriGed, and 
tiidci into the cupil. cam-ing 
olonewithit all the baser melalE. 
and leaving the gold or silver 
--— "ts lurfaoe. 



Decrf 



piTATioK Wit, from, 
crackle). The crack- 
le «hkb takes place 
ain bodies, as salts, are 



dbecom 



g liquid, 
3k). . 



relative term, denoting the i 
parative quantity of matter in 
different bodies, which is con- 
tained in the same space. See 

DEoiinATioH. The process 
of depriving a substance of the 

"DKPuuicisTtrAiEt. (.(e. from, 
phloptttti, the inflammable prin- 
ciple}. Deprived of phlogiston ; 
oxidized. Sec PhlBgittan. 



.(!.i 



™.d). 



through thei 



the second degree of 

Ills (Jii, through, 
doe). Tbe name ot 

ln,wmit light 

bstance. 

us(2ii,thraDgfa, 



which 



fif/ijt, beat). 

bodies which fraHimii heat 

through their substance. 

DiciEBTER. A strong lestel 
of copper or iron, for preventing 
the loss o( heal by evaporation. 

Digestion. Tho continued 
action of a solvent upon any 
substance. 

Distillation (diitillg, to drop 
by little and little). Tho process 
of converting a liquid into va- 
pour by means of neat, and of 
reconverting tbe vapour into 
liquid by means of cold. The 
subjection of bodies to a red 
I heal in cloio vessels, and the col- 
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f heat, 28. 

'169. 
nc, 284. 
J us. '152, 
c, 270. 
o, -210. 
aic, 180. 

270. 
, 284. 

270. 
ric, 284. 
die, 205. 
:hloric, 223. 
cvanic, 270. 
a'uoric, 210. 
julphuric, 221. 
itrous, 160. 
271,284. 
283. 
270. 
ic, 223. 
172. 
, 171. 

268. 

iriatic, 200. 
oric, 198. 
orous, 198. 
, 270. 
.0, 284. 
neous, 269. 
ic, 284. 

284. 
212. 






Acid, gorbic, ^^'|. 

uric. 2^* £ 
Additiabic b»si?. ^' j^ oL W* 
Acids, d^fimtioij^^^*^" 
Acidi, w»i»wHU 5WW- 

Adipoctre, ^^' 
Aerolites, 347. -^. 
Affinity, chemical, jr, iq^ 

double iJj'Cm^, *^ 
Air, atmoipbevic, in- 
fixed, 160. 
Alabaster. 24^. , 

Albumen, auiuial *^^' . 
vuifeuWvS ^<'*' 

Alchemists, I. 

Alcohol, ^78. 

Alembic. 180. , ^ .^ ^,(" 

Alkalies, definition aud ^^'^'^ 

volatile audtij^'^'^* 

AlkaifittLluWi. 7. 

A ka me |:,rths, 241. .^u^ 

^^^24u" t^niijcnuu- »^'*' 

Alloys, 227 
Alum, 244. ' 
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176. 

Dal, vai-ieties of, 178. 179. 

stry, general divisions, 3. 

subordinate divisions, 

D. 

plan of study, 11. 
ne, 200. 
»phylle, 282. 
-damp, 181. 
iterine, 284. 
lium, 253. 
3 and Chyle, 288. 
mia. 272. 
t)ar, 259. 260. 

factitious, 260. 
ng, object of, 18. 
varieties of, 278. 
ras. 219. 
:, 250. 
neal, 281. 
lion. 111. 

179. 
thar, 249. 

its signification, 31. 
iring matters, 280. 
abium, 253. 
tination, laws of, 116. 
>ustion, theory of, 142. 

low, 144. 
)ensation pendulum, 33. 
tound bodies, 4. 

classification 
of, 123. 
uctors of electricity, 76. 

of heat, 17. 
•action, by cold, 31. 
eyance of heat, 20, 
ng of bodies, 23. 
I, 277. 

er and compounds, 256. 
er-uickel, 251. 
eras, 249. 

>sive sublimate, 260. 
amentum, 287. 
n of Tartar, 239. 
IS martis, 249. 
ble, 190. 
)borus, 4& 



Crystallization, 130. 
Cupel, cupellation. 261. 
Curcuma paper. 125. 
Curd of milk. 285. 
Cyanogen gas, 224. 

Davy's ship-protector, 96. 
Decoction, 127. 
Decomposition, 104. 

double, 106. 
Decrepitation, 132. 
Deflagration, 233. 
Deliquescence, 132. 
Density of metals, 228. 
Dephlogisticated air, 136. 

marine acid, 
200. 
Detonation, 110, 
Dew, deposition of, 24. 
Diamond, 177. 
Diaphanous bodies, 29. 
Diathermanous bodies, 29. 
Diifusion of gases, 57. 
-volume, 58. 
Digester. Papin's, 56. 
Digestion, 127. 
Dimorphous bodies, 133. 
Dippel's animal oil, 284. 
Distillation, 127, 157, 278. 

destructive, 127. 
Divellent affinity, 106. 
Divisibility, 8. 
Ductility of metals, 230. 
Datch gold, 247. 
Dyes, 280. 

Earths, alkaline, 241. 

pure, 243. 
Ebullition, 49. 
Effervescence, 110. 
Efflorescence, 132. 
Elasticity, 113. 
Elatine, 281. 
Electricity, general remarks, 74. 

communication of, 76, 

causes of, 79. 

Voltaic, 86. 

effects of, 89. 
X 
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Electro-chemical theorr, 88- 
Electrode, anode, cathode, 97. 
Electro-magnetism, 92. 
Electrometers, 89. 
Electro-negatives and pomtiTCS, 

95. 

Electroscopes, 77. 
Elementar\- bodies, 4. 
Emetia,272. 
Emetic tartar, 255. 
Empyreal sdr, 136. 
Kmpyreumatic oil, 269. 
Emulsion, 276. 
Epsom salt, 243. 269. 
Equilibrium of heat, 13. 

of electricity, 74. 
Equivalents, chemical, 119. 
Etching on glass, 210. 
Ethers, 279. 
Ethiops mineral, 260. 
Eudiometers, 164. 
Evaporation, 45. 

spontaneous, 45. 
Expansion of solids» 31. 
of liquids, 34 . 
of gases, 36. 
Extension, 8. 



Fccula, 273, 

Fermentation, acetous, 269. 

putrefactive, 283. 
saccharine. 274. 
vinous, 279. 
Fibre, arimal, 284. 
■woody, 274. 
Fibrin, 2b5. 
Filtration, 167. 
J^'irc-damp ot mines, 216. 
J'lamc, structure of, 219. 
j'^liut, fiUx, 212. 
soap, 213. 
l/Jowers of antimony, 254. 
^ oflmniutb, 255. 

of sulpbur, 190. 
^fluidity, caiiM'd by lieat, 42. 

* -luov SV"*'' "^^^^ 

^/lux. ^^^'i^*-"» ^^"^'^' ^'^^^^'' 2^^- 



Fly-powder, 253. 
Freenng mixtures, 44. 
Freexmg is vacuo, 46. 
Fnlminating gold, 262. 
Fmning Uqaor of Libavius, 260. 

of arsenic, 253. 
Furnace, blast, 248. 

reverberatory, 252. 
Fusibility of metals, 230. 
Fusion, dry and watery, 132. 



Galena, 257,260. 
Galvanism, 86. 
Gas-carbon, 180. 
Gases, 49. 
Gas-bolder, 139. 
Gastric juice, 288. 
Gelatine, 285. 
German silver, 251 . 
Glass, varieties of. 213. 
Glauber's salt, 240. 
Glucinium and glucina, 245. 
Glue, 286. 
Gluten, 281, 286. 
Gold and compounds, 262. 
Golden sulphuret, 254. 
Goulard's extract, 258. 
Graphite, 178. 
Gravitation, 9. 
Gravity, 115. 

specific, 115. 
Grotto del cane, 183. 
Gum. 274. 
Gum resins, 277. 
Gunpowder, 238. 
Gun metal, 257. 
Gypsum, 242. 

Hartshorn, spirit of, 216. 
Heat, general remarks on, 1 

sources of, 14. 

communication of, 16 

distribution of, 26. 

effects of, 30. 
^ specific, 59. 

Heavy inflammable air, 216. 
fj^rcine, 285. 
«omberg»s pyrophonifi, 24^ 
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ia73. 


Liglil. radiation of, 64. 


in, aai. 


reflexion of. 64. 


BiUer. 261. 


refractioii of, 64. 


Xfi. 155. 


polariiation of, 66. 


gen, 146. 




nistere, 47. 


Light carbureted hydrogen, 21<^ 

I..Kmn.274. 

Lime, quicklime, 242, 


I spdoific sravitv, 35. 


elfTbLlily. a. 


slaked. 242. 


derable age n Is, 3. 


Liquefaction bv beat, 41. 


leacenre, 68. 


of gases. 49. 


jTiotibiiitv, 10. 


Liquor ammomffi, 216. , 


,.280. 


Liquorice, 273. 
Litharge, 258. 


tion, electric, 84. 


>,9. 


Litkinn. and lilhia, 240. 


on, 127. 


Litmus paper. 125. 




Liiiviatlon. 127. 




Lunar caustic, 261. 


Boio etaemistrv. 3. 


Lutea, 206. 


itioD, electrical, 81. 




ihy of electricity, 89. 


Maceration, 127. 


.,11,205. 


Magisleryofbismulb, 25S. 


inian. callon, 97. 


Magnesium and magnesia, 9l1 


m.263. 


Magnetism, eleeiro-, 92. 


247. 


Malleabiiiiv, 239. 


MS. 286. 


Maltha, 278. 


ric bodiea, 124. 




rphous bodies, 133. 
black, 179. 


Maiina and mannite, 273. 


MareariDe, 276, 284. 




Marab-gas. 216. 


78. 


Massicot. 258. 




Mastic. 277. 


onouB metals, 237. 


Matter, general idea of, 4. 


m, 237. 


physical properliesofj 


205. 


Melting point of aolids, 41. 


e. minera!, 254. 


Menst™„m. 127. 


B yellow, 253. 


Mercury and compounds, 25ft 




Metallic bodie., 6. 


itick lac, &c., 277. 


Mclals, arrangement of. 6, 7. 


9. 280. 


properties of. 228. 


1, ■phlogistic, 263. 


description of, 237. 


ofsafelv. 217. 


test for. 222. 


>-black. ISO. 




t heat, 42. .50. 


Meteoric stones, 247. 




Milk, 286. 


tree, 257. 


Minium, 258. 


BBJar. 84. 


Moirco metallique, 3S0, 


• general remarks an, 63. 


Molasses, 273. 
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Molybdenam, 253. 
Mordaimt, 280. 
Morphia, 271. 
Mosaic gold, 250, 256. 
Macilage, 274. 
Mucus, 289. 
Multiples, law of^ 118. 

Naphtha, 278. 
Natrium, 239. 
Neutral salts, 126. 
Neutralization, 108. 
Nickel. 251. 
Nitre, 238. 
Nitric oxide, 169. 
Nitrogen, 160. 
Nitrous oxide, 167. 
Noble metals, 259. 
Nomenclature, chemical, 124. 
Non-metallic bodies, 6. 
Nooth's apparatus, 186. 

Oil of vitriol, 192. 
Oil-gas, 219. 
Oils, animal, 284. 

vegetable, 275. 

fixed* and volatile, 275, 
276. 
Oleaginous substances, 275. 
Olefiant gas, 275. 
Oleine, 276, 284. 
Ores, veins, minerals, 227. 
Organic chemistry, 3, 266. 
Orpiment, 253. 
Osmazome, 286. 
Osmium, 263. 
Oxidation, 142. 

degrees of, 126. 
of metals, 232. 
Oxide, definition of, 125. 
Oxygen, 136. 
Oxy-hydrogen blow-pipe, 152. 

Packfong, 251. 
Palladium, 263. 
Pancreatic juice, 288. 
Pearl-ash, 238. 
Pearl powder, 256. 



Pectin, 274. 
Petroleum, 278. * 
Pewter, 250. 
Philosophical candle, 150. 

wool, 246. 
Phlogiston, 142, 146. 
Phocenine, 285. 
Phosphorescence, 71. 
Phosphorus, 196. 
Phosphureted hydrogen, 223. 
Photometer, 72. 
Picrotoxia, 272. 
Hnchbeck, 247. 
Plaster of Paris, 242. 
Platinum, 262. 

spongy, its action aa 
hydrogen, 151. 
Plesiomorphous bodies, 133. 
Plumbago, 178. 
Pneumatic trough, 137. 
Polymeric compounds, 124. 
Ponderable bodies, 3. 
Potash or potassa, 238. 
Potashes, 238. 
Potassium, 237. 
Precipitate, red, 259. 

white, 260. 
Precipitation, 110. 
Primary colours, 69. 
Prismatic spectrum, 68. 
Proof-spirit, 279. 
Proximate principles, 268. 
Prussian blue, 249. 
Purple of Cassius, 262. 
Pus, 289. 
Pyrites, iron, 249. i 

copper, 256. 
Pyrometer, 32. 

Quantity of matter, 114. 
Quartation, 262. 
Quercitron bark, 281. 
Quicksilver, 259. 
Quina, 272. 
Quiescent affinity, 106. 

Radiation of heat, 22. 
of light, 64. 
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noua, 6a. 


Speculum melal, 257. 


rific, 70. ' 


SpeisB.251. 


lical, 71. 


Spermsoeti, 2B4. 


125. 




53. 


Standard silver, S6l. 


pirit.a79. 


Stannuii]oTtin,240. 


ofmelals. 334. 


Slurch. oi fecula, 273. 


if heat, 27. 


Steam, formntioa of, 49. 


54. 


high presaure, 55. 


by bMt. 40. 


Sleam-enpinc, principle or, 158. 


ulHtances,277. 


StearinE, 276, 284. 


f. 


Steel. 24B. 


Istad, U7. 


Stibium, 254. 


263. 


Still, 278. 


nglelerTO. 249. 






Strvchnia, 272. 


principles, 273. 


Sublimation, 127. 189. 




Sugar. 273. 




Sugar of lead, 258. 


liac. 215. 


Sulpbur. 1B9. 


lo. 238. 


Sulpburctodhjdrogen. 221. 


). 


Symbols, ebemical, 128. 


Don. 240. 




tu,238. 




238. 


Tannin. 281. 


DTil idea of, 126. 


Tapioca, 274. 


Je, triple, 127. 


Tartar, cream of. 239. 


d. mlpho, oiy, 127. 


emetif . 255. 


277. 


Tellurium. 256, 


190. 


Temperature, eqnilibrium at 


1, 281. 


13. 


240. 


Tenacity of metals, 230. 




Terrigenoii! metals, 243. 


211. 


Test tubes, 175. 


d«,a89. 


Te«uri!ormelBl«,220. 


ho blood, 287. 


Thermo-eleclricitv. 82. 


idBiliaa,212, 245. 






Thorium and thonna. 245. 


57. 






Tin glass. 255. 


t, cloudy &c., 49. 


Tinkal, 2!1. 


Una. 240. 


Titaninra, 256. 


■ natrium, 239. 


Tombae. 247. 


'2. 




50. 


Tungsten, 253. 




TurtneriG paper. 125. 


27, 


lype-melal, 255. 


, 
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Uranium, 256. 
Urine, 289. 

Vanadium, 253. 
Vaporization, 45. 
Varnishes. 277. 
Veratria, 272. 
Verdiirris, 257. 
Vermilion, 260. 
Vibration by heat, 19. 
Vinegar, 269. 
Vital air, 136. 
Vitriol, blue, 256. 

green, 249. 

white, 246. 
Volatility of metals, 232. 
Voltaic electricity, 86. 
Volumes, theory of, 121. 

Water, its composition, 153. 

proved synthetically, 1 53. 
proved analytically, 154. 



Water, oxygenated, 159. 
varieties of, 156. 
Water of crystallization, 132. 
Watery vapour, visible, 155. 
Wax, 276. 
Weight, 10. 

Weights, atomic, 120, 121 1 
Welding, 229. 
Welter's tube of safety, 185. 
White copper, 247. 
White lead, 258. 
Winds, phenomena of^ 21. 
Woolfe's apparatus, 184. 

Yeast, 281. 

Yttrium and Yttria, 245. 

Zero, 37. 

Zinc and compounds, 246. 

blende, 246. 
Zirconium and Zirconia, 245b 
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ECONOMV OF HUMAN LIFE. Prica Ir. 6*. 

■ THE 

RASSELAS, a Tale, bv Dr. Johnson ; and DINARBAS, 
» T»l*. being a coudnaadi)^ at tUwlu. Price Si. ft*- 

ST. PIERRE'S STUDIES OF NATURE. Price3*.6A 

" I h»re rrad frw perforniJuicet la i-lilrh Ibc osetul 
hsppfly blmdfd."— Or. Bunttr. 



the PMm of Tel. 

THINKS-I-TO-Mi'SELF. A Serio-ludicro, Tragico- 

comico Tide, by the I _ . - - . 

VICAR OF WAKEFIELD, by Goldsmith. Price -2a. 

" Thu tals ii Uie luilnr mDaunipiil of Galdimilb'i genlui. hu ^na Iceuy af i 
pleiniK to EBnerMionj and KcnaalLoni PUB. prescnl, and lo tame'— 

VOLTAIRE'S HISTORY OF CHARLES THE 

TWELFTH, Kin; of S»edeii. Price Si. Cd. 

VOLTAIRE'S HISTORY OF PETER THE GREAT, 

Emperor of RumU. Price H. 

WATTS ON THE IMPROVEMENT of the MIND. 

Wilb a Ditcoune on Ibe EdoraiiioD of Cbildren and Youtb. Price 3i. 
" Wboevcr hu th« care of Imtrtietfiig oUitn maf be cborged irLth deQclepc; id 
hiB duly if Uilt boolt b0 oat recoEUfneuded,''..-^. JohH4on. 

ZIMMERMAN ON SOLITUDE. With a Ijfe of t! 

11 caotsbu tbe man igbllme «mi 
ud 1 couMut as^Kj foe ib 
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